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I. Introduction

After war, the penetration of ranicle branch blast
of rice plant was widely noticed. For a long -ime, a serious
panicle branch blast has been included in neck blast and a mild -
symptom had no designation. For examnle, Ito (1943) classified
rice blast into neck, spikelet and glume blasts, but the panicle
branch blast was not recorded. The nanicle branch blast without
penetrating the node at the neck of panicle was not treated as
a neck blast unless more than 1/3 of panicle became white
according to researcher's convention (Prevention of Plant
Epidemic Section Plant Improvement Dent. Ministry of Agriculture
and Forestry 1954). Thus, attention on oaricle branch blast
was very small. However, the Danicle branch blast becaiue impor-
tant in warm area or warm autumn. Recently, the panicle branch
blast has attracted attention at 'Kanto, Tohoku and Hokkaido
regions.

The pcanicle branch blast refers simnolv to the case ofSinvaded paniole branch .. but when they are accomnained by the
desease of node at the neck of panicle, they are generally



referred as neck blast rezardless of the existence of Danicle

Sbranch blnst. Therefore, the -anicle branch blast indicates the
3'case of -,invad~ed ponicle branch without acconioa9n',,,in the

desease of the node at the n-ck of ranicle. In this raper, when
S -anicle branch blast is clearly observed even if infection of

node at the neck of nanicle is nresent and the rice Dlant is
not died, it is counted as neck blast and panicle branch blast.
The desease extended to neck is counted as neck blast even if
it oriqinated from the panicle branch.

Researches on mechanism of Daricle branch blast genera-
tion are very few and the infection is considered to occur
simply at node of rachis or node of panicle branch (Sawada 1927,
Yoshii 1934, Ito et al 1937, TKoro 1954, Kono et al. 194,0).
Authors investigated the relation between evIrormental channe
and rice blast, and observed the mechanism on the generation of
nanicle branch blast. Also we have observed imoortance of
panicle branch blast while investigating the rice blast from
various regions.

Most of this work was' conducted at Agricultural Techno-
logy Research Institute and a rart was conducted at Okavamaken
State Agricultural Exper)mental Station. Auth-rs wish to thank
Professors H. Dasugi, U. Mizusbima and K, Rinda for guidance
and review of this paner. We also received much guidance from
Prof. Akihivama of Tokyo Universttv, Agricultural Department,
Sukata, M, Director of Okayamaken State Agricultural Experimen-
tal Station, Prof. MizalwTa of Tohoku University, Agricultural
Dent. Authors obtained heln from Prof. Kitsui of Kvushvu
University', Agricultural Department for literature inspection,
and Tsuboi H, Chief of Weather laboratory of Agricultural
Technology Research Institute for instruction of wind-tannel
experiment, and Yamasaki G, Chief, and Dr. Chvochu K of Genetical
Biology Section, Agricultural Technology Research Institute for
instruction of botanical words. Also cooperation of Nakanishi I
of Aichiken State Agricultural Experimental Station, Ichikawa H
of Naganoken State Agricultural Experimental Station and manv
others are gratefully acknowledged.

II. Development of Desease

1. Observation by Inoculation

In order to observe the nrogress of Danicle branch
blast, observations are made bv inoculating rice from pot
cultivation.

a. Aprearance of Branch Blast of Rice Plant, Specially
from the Beginning of Desease to Death of Rice Plant.

-3-
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(1) Exoerimental Method

hiwashivama No0 3R is cultivatel. Ouring General
* rperiod at outside in 1/2:000 a or 1/5,000 a Wap-ner PoL or

inch pot. After panicle has grown, the rice blast bacilli (1-2
bacilli strain) are Inoculated by sorav method, Pulb Method
S( , et al 1956), ,oLzen method and Injection method (Conidi-
al liouid is in.jected into unriDen alume) an. the progress of
desease is obserVled.

Designations of oarts of panicle are based on Nagato

(1950) and Matsushima (1954) and shown in Fig. 1.

P.4

:Ip -. Fig. 1.-I)Csignatioll of pj 1rts of p:,;!

rachis ; N'Ra, node of rach

"jo'ints of the rachiilae to the r:,,' .- I
P ." NB, node of paricle branch (r',:iilh

PB1, the first primary !"micle ranc'W
I ~'I )(rach;!i')O ?i,,2 the second prinvi:ry/ /• ; panicle branch (rachilla) ; similaly,

Plij-Pilt, primary branch No. Zý--n;

a SB, secondary panicle branch or rach-

". illa branch; P, palea; L, lemma ; (,
glumc (empty glume) G', subsidiary

~I/ . I'.empty glunie; Pc, pedicel.SI

(2) Experimental Results

In inoculated panicle, node at the neck of panicle,
node of rachis, node of panicle branch, spik.elet, orimary or
secondary panicle branch and other devoluttd nart of each organ
are easily infected. The svmntom of each infected part agrees
with Drevious reports (Sawada 192?, Oumiya 1955, Kono et al 194'0
and others). (Fi-ure plate i).

We have observed that snikelet dies faster in case of
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spikelet infection but :-hen the lesion (,r the sriiKelet extends
to the base direction and re-ch poelcel, the edges of the lesion

F produce smoewihat clear dark color-broo-nish nurple color. (Figure
a Plate II, C. Fir. 2A). The lesion nrc-,reeses to the direction

of hottom part a-d reaches the node of nanicle branch. when the
lesion extends to the node z-fnetarici branch. the soikelet
dies (Fig. 2, B,C). 1Tie lesion extends to bottom nart of rach 4 s
through the node ýmd the death of P-nicle increases significantly
accompanying these. The infection occurrs at distal Darts and
the lesion extends to bottom nart i, e, base direction increasing
the death of distal parts. These nheromena are designated as
panicle death. Panicle death occurs when ranicle branch or node
of rachis are infected (Fig. 3). The death of distal rarts kn-
creases remarkably in this caqe. Therefore, in a few days 81fter
dcvelopment of deseane, t'ie desesse svmntons of node of ranicle
branch, node of ractAs and node at the neck of raniole are diff*-
icilt to distinguish froee svm.ntoms of panicle death. When these
nodes are r•enetrated by the nanicle death, the lesion snrpads
ranidlv Pnd the color chanqes to clear ns though the rcdal psrts
are freshly infected. In spite of the ranid sorcýding oi lesion
to nodal parts, extension of lesion toward bottom Part is temmor-
aivly stopped end the speed of ranicle death is somewhat delpved.
At initial Deriod of desease, the typical symptoms of deseases
are observed at each parts, and infected srea can be judged from
the location of penetration and mode of panicle desth.

Based on these observations, the ranicle branch blast is
classified below and the relations between infection and panicle
death are indicated.

Mode of Desease Development and Type of Panicle Branch
Blast (include spikelet blast).

I. type (spikelet blast); Soikelets (palea, lemma and
glume) are infected and each soikelet dies. A part or whole
spikelet is nenetrated, and the deseased nart is usually grey-
white. In many cases, the boundary of lesion is at part of bite
-or vascular bundle. Fedicel is healthv.

I1-a type (secondary panicle branch blast originated frOm
spikelet); Several snikelets die due to infection. Several 'ra-.
ins on oanicle branch die as a group and srikelet turns greyish
white. initial infection gives grev color in many cases.
This type occurrs due to nenetration on node of Danicle branch
by ranicle death. The invaded part can be observed at the
boundarv between bottom Part or upoer nart sometimes, of de:eased
area and healthy Part.

II-b type (secondary oanicle branch blast oriwinated
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from node of panicle branci); 'lhis occuri's dchie to thp ir.^,'ction
on the node of ranicle bratnch nrld -severa-l spik~elets die. .,it
Initial period of desease, the small ]e-sions on the noide of
panicle branch give rirIýIh brown-browrnish -,urrle color. This

resembles type II-a but no :zrcy snikelets aer observed.

III type (Primary ranicle branch hlqst); Thifs occurrs
due to Infection of spi'kelet or node of pDtnicle branch and all
the Drlimary nanicl'e brarcheis die. The qri

1<ele.ts on nr~iaryr
panicJ.3 branches die nnd turn to P~reylsh white color. The o,%ce(s
of lesions by oanicle death can be observed near bottom rart of

primary panicle branch. The node of rachis Is healthy.

2.-SoLMidi lgraliialt ic 1draw"in i-im onj like liroyzr"ýs of ian ide l)iast

(l1-1)) froml z. pik,:kt hlktst kA).

A. '1 whole spikelet changes to grvyi.hi while several days after the apike-

-ir:- e of lesions on the hull. Type-- I (spikelet blast).

'1.I lie lesion on Oie ispilelet exletid., t.o the rimic oif particle hratichlet

thl' 'u ) pedicel eventuailly caIusing Ow (lva Li of all1 distal Parts' incluchili

s'.elcts, Type fl-a (s~econdary particle Lranch blisLm or rachilla branch
*t marted from the %vikedet).

C.An early symptom of Tly 1k III inili nry pa ilict h. ra :wh WaS't .

I), AUtt thu parts of khe ;ixinicl lbr~irwlm hlvwe bween killud, ;1114 like lesi,11% are

,\ite ilii tim f trther ti . tlime riiclm . i iis It sYllkm tl i -11 of ypc IV iým Ii" i:~)

IV type (Rachis blast) ; This oecur'rs due to Infection
on node of rachis or death of apical rart and several or nrie

prim~ary Daniole branch die. At Initial reriod of deseare, onlv
the Infected rrinarv rinanide branch dies. This rzsemb'les '-rnTe III

but differs In nenetr~ition at node of '-achis. At latter n-eriod
of desease, ranical rart, the p~art of initial Infection easily
becomes obscure.

According to these tvtes, type I corresnonds t1... soiikelet
blast and glume blast. II-IV tv',Des are so-called ranicle I-ranch
blast. In type II(sec~zdarv nirtnicle branch blast) or III (
.FrImarv rianicle branch blast), the node of ns~nIcle branch Is
nenletrated and In type IV (rachis bl-Rst), the r~ode of rachis, Is
nenetrated. These show the death from deseased part to distal



.arts. During the ýoeriod of material collection, the qecondarv
ronicle branch blast (II tvre) can be classified into the case
oriminating from snillePet infection (seccndnrv ranicle branch
hlast orirrinatinx from snikelet, Il-a tvne) and the case oriri-
nating from infection at nods of ranicle bra'ic0 (secondary
ranicle branch blast oriviratirz from node of oanicle branch,
II-b tyne). Generally, these types advance from type I Lo tyr¢e
IV and prorress to neck blast. Very rarely an irregular
rrogress is seen.

J 4

A B C D E

F~ig. !.- emi.-di:gi-raa;ali ,t drm-in its t* p re.,rt ,lf Ihe diiA-.1se
friia a primary ati-n :a I h u" i lt." 'if pa inicle branch (A) to
panickl branch fl:. t B1, ilh,.n to rachi% blast (C), then to neck
bla•t (1). early s• ,g,. ad E, later savig).

X. T1v)e f-b) (secondary paoic!e b:'aneh blast t•,artd from the node of panicle branch).
It. "',pe Ill (primary panicle bra ch la iist).

C. Type IV (an early stage of rakihis blast).
1). An early stage of neck bla,;I.
i-- Neck blast. The lowest prin.arv p.ankle bran•th is rema;ning alive for a whifle.

When node at the neck of nanicle is infected after a few days
of xrowth, the nroaress of lesion is slow and No. 1 rrimary pan-
icle branch dies before the lesion extends to node at the neck
of ranicle. In snite of healthy No. 2-5 primary oaniole branch,
:,oical part of No. 4 oanicle branch dies. 3ecause Primary pani-
cle branch adheres at 2/5 onening (Yanal 1140, Matsushima et al
195f), No. 1 and A nrimary ranicle branches are arranged on
same vascular bundle and blast bacilli advance raoIdly through
this vascular.' bundle. At any rate, due to nro-ress of Daniole
death, It is difficult to know initial Infected area by these
types long time after the deseaze has developed.

The phenomenon of "nanIcle death" can easily be renrodu-
ced by method of inlection on glume in addition to pulp nethod.
It is generally observed in sprav inoculation method.

b. Effects of Infected Parts of Panicle on Death of
Panicle Branch.

Since we know that the panicle iransh 's Denetrated
from infection of node of rachis, node of panicle branch e.nd
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spikelet, the effectp of Infection of each part on ranicle
branch blast are investigated.

(1) Experimental Method

Norin ro. 1 and HUns1'a No. 5 are used. In 1/•.00oa
Wagner Pot, L4 ks of rice raddv soil from Saitamalken Atanom-i.chi,
10 R of am'nonium sulfate, 15 g of cnlcium nhosrhate and 1 g of
Potassium rulfate are added. One stnck(4• rieces In one stock)
is nlanted in one rot, and cultiveted outdoor since June 20.

.mmonium s~ilfate 5 ;r are riven in early period. As three inocu-
latidns classification, inoculation at nanicl comnletion Deriod
(18/VIII), inoculation at 5 days after panicle comoletion (23/.
VIII), and inoculation at 10 days after panicle como.etion
(2R/VIII) are established. Blnst bacilli (P-2 bacilli strain)
are inoculated by snrav method and kept for 34 hours in zreen
house with 24-21oC temperature. Then, they are left in 4lass
room (24 0 C, 50-70 % humldltv) and development of desease is
observed. Numbers are placed on each stem and the relative
lonations of nrimary and secondary panicle branch and each
svikelet are marked. Infected parts and progress of lesion are
recorded periodically and the desease history is clearly kept.
Seven stocks in seven ilots are used for one classification and
one among them is a standard not without inoculation.

Infection number is indicated by counting the deseased
spots in 50 plants until 15 days after inoculation and converting
to number Der one plant. The degree of Danicle death is indicated
by the degree of Danicle branch desease on 21 d&vs after inocula-
ti6n. The white stem due to desease of node at the neck of
panicle was excluded from the experimert. Then panicle deaties
originated from spiltelet infection or infection at node of
panicle branch and also due to infection of bottom rart of
rachis node anoear q-s double symptoms, they are treated as Infec-
tion on node of rachis. P,,.nIclt deathes by double Inf-ctions of
apiokelet and node of nanlole branch are similarlv treAted and
the Infection of diptnl parts are nreferentiallv treate,..

-' •, ; tl-- %, 1,7L-: * :,,Idr o. 4 L-S ; ,

- ' 71-w MlA

1. 'ate of spi~elet deseame
2. Value index number

T-n"



The deree of n~aicle 6es(-noh a 1r .separated Intotns•teps of 0.1-1.0 from the nronortion of dcý.seased snickelets

asainst total rnumber of •ickelets. The value index number is as
* follows. The decree of ranlcle branch desease is obtained by
Sfollowing equat-ion.

S•-(dezrep of primary
Snaricle branrch desease)

Degree of panicle branch desease =_ -- x-00-(%)
STot-l number of nrimary
panicle branch

Degree of ranicle branch dese Der one infected part (degree
of lesion expansion)=X(dec'ree of nr!mnrv ranicle branch desn-ise

jl.umber of infected area

(2) Eyperimental Results

The results are shown in table 1-3. Through experi-
meati, the desease is not observed in ric• r".int without Inocu-
leaZun. Table 1 shows the numrner of infectec, areas per one
p •rilcle. According to these, Q infection o node of rachis and
pixnicle branch is very small and infection on node at the reck of
nanicle is medium whereas infection of spicelets is very large.
When node of rachis, node of panicle branch and actual number of
spikelet (see figure 1, 11orin,-!'ga et al 1943) are considered and
compared, infection of spikelets is lnr•,e between spikelets at
rode of rachis and node of panicle branch or between spikelet and
node of rachis.

"1. Inoculation teriod
7)1:' •j, j 2. Panicle completion period
uO'.' ^ %9 ',•*Kio, L4;' 3. 5 days after ranicle comnletion

' -: '• • '•~ • 4. 10 davs after panicle corn-
2) 4) )46 0-, 0.2 55ei
: : , 62 0.,2 0.2 . . Kinds

' ,3)5.,•" ' .iI .6 )l .1 1. L4 6. Norin No. I Huzisaka No. 5
-_ . , , 3.7 ') 2•6. ". 7. Nu':ber of infected areas
4) , orer one nan'cle

9. infection at node of nanicle
12) 1 1) MIS'~. branch12) W4'.Au

210 Infection at node of raohis

11. Infection of node at the neck of panicle
12. Remark 1). Inoculption at anltclp comrletion period.

2). Exreriment was conducted at Nish" Kehara
(A.zricultural Research Inst.) Tokyo in 1954.

i-9-
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<I
I ' •o at the neck of ranicle.

Also, infertion is severe on tIe.
coompared wIth other harts. ? )en infection of snik•]et.s is
:considered accordinz to Inoculation period, the infection iR
severe In arnicle completion "eriod. Infection is rather small
on 5 days and 10 days after rnicle com'nletion, and no si,7ni-
ficart difference bet" n these two neriods is obrerv,&d.
Among the kinds of panicles, Huzis'a N $ is large in either
inoculation P'.ýrtods. 3) No sic.nficart difference betw,.iei nodcz
of prnicle bhanch and rachis is obseried in these Inoculation-
periods. Norin No. 1 had the msost severe Infection in ranicle
comnletion period but infection reduced rapidlv on 5 davs after
:Danicle oom'nletion. Huzisaka No. 5 had the most infection betl -ten
5 and 10 days after naniele completion. (Fluzisaka No 5 seemed to
have more panicle brrnch blasts at Aricultural Station).

-4) Infection on node atC the neck of tanicle is high In rwmniclecomtletion period and reduces to half between 5 davs and 10

days after panicle completion. The difference between the

kinds of panicles is not clear.

Table 2

Degree of Panicle Branch Desease kcccrding to TRezions
of Panicle Branch Blast Infection.

,i-) 5.2 io.0 15.0 0.8 84.0
4"1- 29 203 -, U; 28.7 4.9 7.4 0.4 41.4

- i!,] J- I t '11 69 1ý is 1 100
.14,s•1I ) Ei k lk•{'- , I " .54CI 80.9 8.9 :,k9.0 13.0 161.8

, It- .y-90. 6 2,4 26 100

:" 4);U "'" ;• ': .... , ,•',.•,.A !,) -17.4, 7.8 0.0 5.4 60.,6

•.I . 52 3.; - ::) '• i,:•• • 1"1,1 2. 2 0.0 1.5 17.1

3) fitiZ •) )(-O .I• ;• 2t.1.o 7. 0 5.4.0 9. 9 9-1.9

• 5"• ,30 .24: -i•• •• t ', ?ý••'''. 9. 2.9 22.2g 4.1 39.1

i -L It T 25 7 57 10 1o0

.14) (V• ( - a Pi u A 1.'K) 21.0 1.0 9.0 1.5 32.5
1 !; 4•-IJ 329 223:; [Z KS l, ;,j4 62* 9.4 0.4 4.0 0.7 14.6

S~~14 )1- ";kt WO~i' ''1• (;. 1 9.0 4:1.0 2.7 70.8

19P 5 4. ,27. 2 "ýiV V 0 3.9 18.7 1.2 .30.8IL 11 ' 1 4 1W



ItI

1. Inoculati(dn neriod
2. Panicle completion period{Norin No. 1

iH•zisaka ;Fo. 5
V 3. 5 days after panicle comnletion {Noriu?3o. 1

tHuzisaka No. 5
14. 0 days after panicle completion{orin \o. 1

Siiluzisaka No- 5

5. Kinds
[. Number of panicles
7. Number of primary ranicle branches
8. Items
9. Soikelet infection
10. Infection on node of panicle branch
12. Other infections. 11. Infection on node of rachis.
13. Total
14. (Devree of primary Gcanicle branch desease)

Degree of Danicle branch desease (5)
(Ratio of panicle branch desease

Table 2 shows the effects of each infected area on degree of
desease. The following can be said from the table. 1) Taking
the example of Norin No. 1 for Panicle comnletion period, 2 q, 7 %
among total 41.4 % of panicle branch desease was snikelet
infection and nanicle branch deeease ratio is 49 3. The degrees
of panicle branch desease due to infection of node of panicle
branch and node of rachis are 4.9 5 and 7.4 T6 resoectively.
The ratio is 12 a and 1q % resrectively. I-n other words, oanicle
death due to spikelet irfactton 's very larze and panicle death
due to infection of node of panicle branch or node of rachis is
very small. This relationship still hold at 5 days and 10 days
after ranicle comoletion. 2). Huzisaka No. 5 had almost the
same relationship as Norin No. 1. However, on 5 days and 10
days after panicle completion, the degree of panicle branch
desease due to infection of node of rachis increase and the
desease due to spikelet infection decreased. Therefore, the
desease of node of rachis increases. 3), In comparison with
Norin No. liHuzisaka No. 5 has higher degree of panicle branch
desease. ThIs is due to high rate of desease on node of rachis
in Huzisaka No. 5.

Table 3

Degree of Panicle Branch Desease per one Infected Area of
Paniole Branch Blast (Degree of Lesion Expansion)

S~- 11 -
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11 29 203 IN Ari~ 7$ 10)
(•,• tI • 4 '• 0.7 1.0 =.

2) 12) 11( " 8.9 8.9 .9.I
",Z 5 4. 29 2Il i '. i • 111W 9 7

3) 12) ,+,.,., •,.+ ',,,.
12) -.~ 'B : 1 7.4. 7.8 s1

- 1 -Pt 52 :~ ~ : ~ k 126 8

,., ,,3),.. ,,.12) 21.0 •7.0 5L. 0)

5 * I. 30 243 -, ,'ii 40 7 Is"~1A o+" ." • • .6 1.0 6.,8

1 - :% 12) - 'i" 21.0 1.0 ,

5 ,,• 27 ! 12)i" • ';,~•I+ ' 16.1 9.o. ,::.• "" ,i ,• 1. .00 12)

12I)~) I fi 1'. 09-5.
5 27 2:• 40', .... .1ii? , 4 ), :

1. Inoculation period
2. Panicle comnletion period INorin No. 1

tHuzisa"a No. 5
3. 5 days after panicle completion ZNorin No. 1

ýHuzisaka No. 5
4. 10 days after panicle completion•Jorin No. 1

Huzisaka No. 5
5. Kinds
6. Number of nanicle
7. Number of primary panicle branch
R. Items
9. S1i0elet Infection
10 Infection of node of raniole branch
11 Infection of node of raohis

12 (M (Degree of Drimarv nanicle branch desease)
(Number of infected areai
(Depree of leRion expansion

Table 3 shows the effects of infoction on exnansion of lesion

(rather damake). Acoording to these. spikelet infection does

not kill all the soilelfts on Primarv oanicle branch on ?'1 davs
after inoculation qt 24oC, but Infection of node of Danicle

- 12 -



branch ',ills all the silkr1et in naniclel brýnch. The effects
of infection on node of rachis are very lnrne nnd one area of
infection kills a f(-r ,ririrv r,-icle hrnrpches. In ranicles
with shorter davs of rrowth. exaron,,on of ]c'ion is faster
when comonred with ranicles grown I.nvrer. Th,,s, the derrree of
ranicle branch desesse incregses. A!ýronýr tho 1ýinds of ranicles,
Huzisaka ý!o. 5 has a l]rcer ex,-,sion.

Above csn be suqmma-ri7ed as follows. The dei-ree of nanicle
branch desease is differemt denendin! on the part of initial
infection, number of infections and extent of ripening. The
effect of infected nart on the degree of n-nicle dosease is
larze for node of rachis, me-dium for rode of panicle branch
and small for snikelet. Also, the effect on fresh nanicle is
larizer than old one. Since the absolute amount of Taricle
death has a multiolicstive relation ",with exnansion of lesion
and the number of infections, the defgree of panicle branch
desease is hih even if the effect of srikelet desease is small.
Therefore, the desease of distal rarts is sometimes important.

2. Observation at Experimental Station

As mentioned above, the mode of developing i)anicle
branch blast by inoculation seems to be peculiar phenomenon in
experimental environment. In order to confirm this phenomenon,
natural deseases are observed at Aichiken State Agricultural
Experimental Station Inabashi Branuh (Hokusetsurakukun Inetake-
chvo, 195g), Naganoken State hqricultural Experimental Station
Hoka Experimental Branch (Minamivasukumokun Hokachyo, 1957)
and near Okayamaken State Experimental Station (Okayamashi
Hokuho, 1959).

a. Method of Observation

The progress of desease is examined by classifications
based on changes of inoculated deseae s~vtoms. The materials
employed in experiments will be specified wherever onpropriate.

b. Results

(1) Results on the materials f-om Naganoken State
Azricultural Experimental Station Hoka 3xoerimental Branch(1957)

The materials collected at this Station on Sept. 13, 1957
were investigated in detail. Four stocks are selected from
four kinds(Chusei Ginra(d'trabilltv arainst desease;stron.,),
Norin No. 10 (medium) Morin NTo. 29 (weak) and Norin No. 30
(weak)) which have nimilsr oeriod of mrowth and the tyvnes of
deseases are classified, The number and de-ree of panicle dese-
ase are comnared for eich tvne.



By observinT closelv desease svmtoms of each tort-, the
rode of desease develompTnent and expansion of lesion 6ar, be
easily comnared with the results of above observations. The
color of deseased part is greyish white initially in spikelet
"and agrees with the result of Inoculation. Only ninkish brown-
dark brown color or dark brownish purple color on nsnicle
branch is sometimes observed. Also no cLear boundary lines
between heal-thy and des(-ased a.arts are obtained. The results of

SInvest igat Ions arc shown in tableP 4--4.

1) Development of panicle blnst

Table 4 shows .umber of desensed soots (er one 1anicle
by each classifications.

Table4

Development of Panicle Branch Blast by Classifications

8 1 1)) .2! . ...i,)

b of , pai 7s 37-. 2: -3 0 6 16

type.I-(a..t3pe (o. otp (0.I2) (o.5 )t(eIVtyeýk. -29 4;-; M 2:1. 18 ,5: • 1 2 25I(A. -c (o..-1 (o. 02) ( .o ) ( .• o t

Seodr y p. b c ba a r s
Seorndar pi. brnc blst (r.03) (ro p 8

Or. Z)se (04G(.2i(.G)ga1 (.1

PriSconary p~anicle branch blast.oiiaigfrmsiee

14) Se2odar 1)an=ic rnhbas rgntngfo ail

12. Rachis blast

13. Nekn no.ast

5 C- 14 -
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14. Remar 1). Parenthesis shows the rumber o-' desensed •nots
,er ranicle

2). Investizated at 'aganoken State Arricultural
Experimental Station Hoka Branch on Sept. 13, 1947

Accordinz to table 4, 1) spikelet blast(I tvye) is the largest,
secondary naricle branch blrhst originating from si.kelet (II-
a type) and neck blast follow ard secondary Pa.icle branch
oripinating from node ",f ranicle branch (II-b type), prilarv
panicle branch blast (originatinr fro-' srikelet or node of
panicle branch, III type), and rachir blast (oripinating from
node of rachis IV tvPe) are the smallest. 2) Whcen actual numbers
of soikelet, node of panicle branch, -ide of rachis and node at
the neck of panicle per one paniclc are considered, rhe largest
infection is on node at the neck of ranicle, next is spikelet
infection and infection of node ofrachisandnodeof panicle
branch is the smallest. 3) Amonx the different kinds, Xnfection
is the largest in Týorin No0. 30 and in order of Norim No. 29 (
little weak), Norin No. 10 (medium), Chusei Ginva (little
strong).

2) Degree of panicle branch deseach by classification

Table 5 shows the degree of panicle branch desease
by classifications.

Table 5

Degree of panicle branch desease by clas•-ificatlons

_ __8 ) '1 ) --:1 ""
4.. . ý' f Z ,•f 1--.

9 16. 0 If -- ,.. 0 210-8 0-

2 . 71 665 1,; S U. 2.A 15.5 31.7 0.0
% t4 0 8 44. 100 -

•I I t .1 , I •i ," 100 -

9) 1). 5.0 Lo 31.5 16.0
4) r-1,uk 79 672 j 4 f . t. 07 ').4 5.0 z.4

1.',,, ;• 79 i: I••'• '.) 72" ; , 1 5 . .9 1( .4 -.
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1. Kinds

2. Norin no. 30
3. Norin no. 2

SNorin no. 79

5. Chusei Ginsa
4. Number of panicle
7, Number of orimarv Danicle branch
q. Items
9. Z (Degree of nrimarv nonicle branch deseose)

Degree of panicle branch desease (%)
Ratio of panicle branch desease

10. II-a tyrc, secondary panicle branch blast oririnatin•'
from spikelet

11. II-b type, secondarv nanicle branch blast originating
from node of panicle branch

12. III type Drimarv nanicle branch blast
13. IV type, rachis blast
14. Subtotal
15. Neck blast

According to table 5, rachis blast (IV type) and secon-
dary panicle branch blast originating from snikelet (II-a type)
occupy most of nanicle branch blast. Thus, rachis blast and
seoonaary panicle branch blast originating from spikelet have
the mos. effects on ranicle branch death. 1) In Norin no. 30

.. and no. 29, the rachis blast is the largest and the ratioes
A of panicle branch desease are 49 % and 59 %. Secondary raan'cle

branch blast originating from spikelet (II-a type) is the next.
In the other two kinds having more resistant property, the
effect of secondary Danicle branch blast ori.inating from
spikelet (II-a tvpe) is large. Secondary panicle branch blast
originating from node of panicle branah (II-b type) and rrimary
panicle branch blast (III type) have a small effect. 2) iext,
on ratio of panicle brench desease, the secondary nanicle
branch blast (IT-a tvye) from spikelet infection had the high-
est ratio and occupied more than half of panicle branch blast.
Rachis blast (IV type) follows and the ratio of panicle brarch
blast originating from node of rjanicle branch (II-b tvoe, III
type) was small. 3) The degree of panicle branch desease was
in the order of Norim no. 30)Norin no. 29>Yorin no. 10>Chusei
Ginga. 4) The degree of panicle branch desease originating
from nenk blast was very low. This nrobablv does not result in
panicle death due to short time of growth but in later time,
the paniole death increases rapidly as the desease nromresses.

3) Parts of. initial infection and expansion of lcsion

Table A shows exransion of lesion on each infected
parts in terms of derree of nanicle branch desease per part.

- 1€ -



According to trP resul ts of tble 6, e:,rasion of lesion 17a sed
on secondary "i•inicle brorch hlýst (II type) is small and expaii-
sion due to r.chis hblst (TV tvrne) is larze. Soikelet hss a
small effect on nanicle death bec',use it is or distal part, and
rachis has a larze effect on panicle death because it is on
base part. The effects are also larvae in florin No. 30 and smnll

Sin Chusei Ginza.

Table 4

Degree of Prnicle Braonch Desease oer one Infected
Area of Panicle Branch Blast

t 8) 12)U1 . -)I M

91\ .8 0.0 16.0 216:.0

2 ,," % 0, r e " 7 1 16j ; G,: : 1, 1'6

3 7, . 5.8 5.0 2G0

,0 .. 0.3 1.0 2.2

i', -.: .) 2-1.2 1.3 5.0 3.0

' 10 -," 79 672 63 3 5 3
E • ;.; )0 I• 0.4 0..A 1.0 1.0

9) .(-;X .:0.8) 10.8 0.6 1.0 7.0
78 797 IN ý--4i r g ~ 30 2 1 5

, •* •"1 ;k L• 0.4 0.3 1.0 1.4

1. Kinds
2. Norin no. 30
3. Norin no. 29
4. Norin no. 10
5. Chusei Ginga
•. Number of panicles
7. Number of rrimarv ranicle branch
R. Items
9. Z (Degree of primary panicle branch desease)

DFumber of deseased areas
Expansion of lesions

10. II-a type, secondary -oanicle branch blast originating
from spikelet

11. II-b type, secondary panicle branch blast originating
from node of Danicle branch

12. III type, primary Danicle branch blast
13. IV type, rachis blast.

-17-
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(2) Results of materials," fromit Aichiem State "L-ricu2lura
Exnerimental Station YTabashi zr~tnch (195-) and
Hokuho O..avamashi (19,)

Materials from Aichi nrd O1•av,,ma were investipated
and the results Pre renorted in thir.: s.ction. The- mate.r!.,l fio-
Hokuho Okayamashi were from rrivate f:-rm near 9tate Ai~riculturýl
Experimental Station. In 1%. b~nst decease 1-as light in this
area. The materials from Aichlikn inabashi were 'Ti'nanmu
(resistant rroertv-mediocre) nnd Soseirvoku (weak) in ripeni'g
neriod of*Ser-t. '22, 195. 1!at i:1l from Oravaiashi were Asahi
(weak) in initial vellcw; rinening reriod of Oct. IL, 195P.

1) Development of desease on each part of panicle.

In order to exqmine develor-!ent of desease on each
psrt of panicle, frouencv of Infection is exnressed for one
panicle as sho1.m in table 7. According'- to table 7, the dosease
of sDikelet are Pi'niTicart Pnd snecinilv in case of Ai~r!i, more
than 5.5-7.5 snots per one ,onrcle sh:,w il'n. Desnase of node of
rachis rind node of ranicAl branch is small. These are similar to
the results of materials from .amanoken Hoka. Materials from,
Okayawishi Hokuho had stinificant number of glume deseases. In
case of OQcavama, the material is Asahi snd considered as the
same strain of Soseigyo1<u. Since the desease of glume is consi-
dered to occur at latter period of riDening time, the weather of
that year seemed to have a larvae effect.

1. Table7

Develonment of Blast Desease on Each Part of Panicle

lo ;]-, ,, .• • ... . .,•... i "• - - •" , - ,.. - - I.-'J.IT"

i UK 8)-9-
z 0.12 :1.-i 1.41 .:).4 0.53 1.1it 0. 2 5 0.18

2) 11. 1 j.'"- 6. 75 I. :' 11.07 0.07 0.U 003 I0.O02

3) 6.11 2. 22 1 0.69 0.32111

14) ,0

1. Materials for investipation
2. Alohi {Soselpvoku

3. Okayama Asahl
4. Kinds
5. Number of desc-ked snots npr rranicle
* -. P'aea and lemyr&.
7. Inner and outer glume
8. Glume

. 10 -



9. Devolutod spilcelet
10. Mode of ranicle branch
11. Node of rachis
12. Devoluted ranicle branch
13. Node nt the neck of nanicle
14. Remarks (1) Investigated "0 ranilces each of Soseil-,roku

Flrd Xirra'mniu
2) In Aichi, inve3tiration is made on Sent. 22,

1054 at Aichiken State Aericultural Experimental
Station Inabashl Branch

3). In Okisva,-a, investiration is made on Oct. 4,
1959 at O1,av-ara Ho'kuho farms.

2) De~ree of Panicle Branch Desense on Parts of Initial
Infection

In order to study efrects of ranicle branch blast on
damage of initial infected areas, the dezree of panicle branch
blast on each infected Parts ,Yas obtained and shown in table '.

Table P

Degree of Panicle Branch Desease on Parts of Initial
Infect ionr

2) 5.: ' 1. A" 1 . .8 1.2 0.9 0.9 0.2 8.0
A i .o .1,46 3.9 0.0 0.0 0.1 0.0 4.0

3) ,,, il ,;., II 110 1,28 5., G .7 6.1 - 9.9 25.3

1. Materials for investigation
2. Aichi (Soseivoku

Kinnampu
3. OQlavama Asahl
4. Kinds
5. Number of Danicles

N* Number of orimarv nanicle branch
7. Decree of paniole branch desease by deseased rarts
•. SoIke1et
9. Node of panicle branch
10. 'Node of rachis
11. Other
12. Node at the neck of taniole
13. Total

- 19-
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Accordinp to table q, the 0eýrep of Prviicle broich deseave of ;j
'oth kinds from Aichiken Irab:shi ic more than half. In c:e of

'6kavams, effect of neck blast iR lrrle P,&d the desease of node
of rachis and srnikelet is the next -n order of decreasinc
effect. Desease of node of onicle effect of spilelet dec::ase on
raniele branch desease is knowvn to be larwe.

3) Speed of Paricle death from the deqeased nsrt

Since the death of desessed nqrt in nsnicle branch
blast is imnortant as mentioned above, the speed of denth by
using Asahi is examined at 0kavamaken State Airicultural •xreri-
mental Station, and inoculated rice (P-2 strain) and nnttirnlty
deseased rice (experimental station fArm) "-'ere also used in
measurements. Thus, the desnased Darts and dates were prepxamined
and the length of dead oanicle is examined on end of October.
The results are shown i1n table 9.

Accordinp to table 9, the length of dead ranicle reches
2-3 cm in one month efter the development of desease. It is
Particularly sipnificant that the length of dead panicle was
not short when measured in short time after the development ofI ~desease. Also, for the same Inoculation period, the length of

dead panicle was loný-er for the desease develooed earlier,
Indicating a somewhat faster Trowth. When the soeed of panicle
death is compared between infected parts, node of panicle branch
was faster in the speed of death than sri1celet. In s;,ikelet,
gluts had faster sneed of death than n.lea and lemma.

Table 9
Speed of Panicle Death from initially Deseased Parts

9.I .2 Y '. . 41 2. I", '-- ;2 I --

(• . •.'..1b~ IlO. ' " 2 4 2 1 i - *I --1 *; "2 --

9.1 1" 0.23 1 (.. 41 1.4 2" ', - - 22 7 1 2b,. 12 t. 1 G --1 1(. : .1 1-- 1 11 - Ii-1

.1 M 12 10 -l 0 1 11-

0.I11 10.21 1 In is lo t2 0 I 13 0 --

2) i' Wil M4' 1.ii

1. Inoculation date
2. Date of initial desease develorment3. Examined date
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h. Pales and !emmRa ) "uTber of tests
1) Lefnth of death

5. Glume a) Number of tests
b) Length of death

•. Inner and outer glume R) "lumber of tests
b) Le'lth of death

7. Node of ranicle branch a) Mumber of tests
b) Le,,'-th of death

S. Node of rachis n) Number of Test
b) Lcr-th of dpath

9. Naturally develonpd desease
S10. Reinark 1) Inom.lntion -xrerirent is conducted at laPss room

of Ct kavanrs1ken State Agricultural Experimental
Stat•ion (195•')

2) Naturally develoned descase was examined nt farm
of OkavamaLeu-i State Ar-ricultural Experimental
Stations (195^).

This is not unusual since the infected narts are different.
In case of 21u-e infection, mycell, reach to pedicel through
small rachis, base part of glume and subsidiary empty glume.
The small rachis operates similar to node of panilcle branch
Srnid delays tne extension of lesion toward bottom part. It I.
also considered to reouire lonzer time for mvcelia to reach
nedicel. Therefore, the death of snikelet seems to be somethat
slow connared with ranicle branch because there are many parts
corresnonding to nodes in same length.

(3) Sumarry

Status of desease on three rerions is more or less
the sa"e. The Panicle branch desease based on snikelet desease
is considerable nnd ranicle desease due to desease of node of
rak(."s is about the sane As sikelet. Paniole deseqse Iue to
the •!sease of nanicle branch is unexnectedly small. The imoor-
tance of each parts ard kinds is more or less different denen-
ding an neriod of investigntion. Exiansion of lesion from dese-
ased r'arts is observed and the length of died naniole r-aches
2-3 cm In one month. Nsturil raniole death is considered to
occur similarlv. Exoannion ,.f lesion in small for spikelet
infection, mediu- for infection of node of rianicle branch and
large for infection of node of rmchis. And it is small for
resistant kind tnnd larpe for sucentible kinds. Above facts are
entirely similar to the results ohtilned from inoculntltn
rehtod -,nd the node of nnicle bricr blr.st ngrees with obser-
vations of 1noculAtion eroerimertn.

IMI. Anatomical Otservatlons of Slkelet Infection

"In nrevious Rection, it wo erperientallv proved
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and the desep.:e Is co-m.cc'' c~n>--rViý ' in r~ _--s z fir:,t 17
* oecolo-ical exrl 'Ic :f 1-rIc ½nch b~nst1,, tc

IT, farm. r-ýnetra;titr CL bc-3-t ý-clil'i in cFr1kelet :-ld t h; e~
so-tivit at h.er tine~ are of -1-zeresz..

Dezsizratico, of sr4"e-ilet Ist~s o~t~rcld~ i-d
(191.11), Saxtadq j19??) ard ~rhie(~~ ~cv '~'

stv1kelet desease exnnri~-entai1v. Uzi et al. stressed the ic- or-
tance of direct d~a~ae by si-lirlet des-ase n-nd seed i.nlect-ion.
However, theyr did not consider tthe d-velonment, of s1~c
blast, an~d n~o fur-ther resea.1rch --n t-ils si.bj-cr '-as been a~-r ~
ile have, therefore, m-de. an ext-er;- en-al observaýtionD- c,. thi-s
point.

1. iXaterials nnd Hethcd

a) Natiurcal Develo'---ert- nf :31nst Desease on Farts of
Suo'%elet

On S~t e ? 7-9, -r. Y7orin no22, Hirinanu, ts-,
EHrnare'~ir and G4>,!z fr:om "Late rlartin -are exa-ilned at AC- i'-
State A~rIcultural Frneri-e-'C~al Station Inabashi Bý_rsnch. 'These
corresoond to Inlti,ýl t-ericd of desease. The exis.tence of des.~ase
Is comoDarativelv exanined oi- r'alea, !.-mm and zD.z-e rs~tv>
and also front, midile and bottom part of palea and Tiema, ffr.~rm
10 Panicles of eaoh kin-'.

b) An~atomical view~ of' natural soikelet desease

Since it is necessar'T to Irnow- the chpractevest-.I cs
structure of _-lume and its rartCs from -jath1oo:ical and aratc-
mica]. stanidpoints before observ-ing penetration olf spikelett
blast ba-cilli, we hsve observie.d the pot cultivated rice :,t
Nishikel'ara Kitaku To!4yo.

Amonx the materials having natural!ly, developed snik-elet
desease from A'Lchi State Iliricultural V~xperimenital Station
Inabashi 2ranch, ic-n~arek-in ard Giniza are investigated. ehi>
vourng sr-ikýelets are lised but in case cof ripened spik-elet, the
g--'ains are renorved. before fixation and the subsequent operation
Is siran~ified. The --naterials are fie %It rai, acei
acid. and alcohol solution. SiAcie acid is extracted with
hvdrogen flcuride water arn! nsaaf in Is used for storing. Pieces
-of sbout 15,4thick are out o~ff rid stained with Pianese TIl-b
or Stou~c-hton solutioun (N,1sh1vo-- 1 952).

o) eneratonand s-oread o' okee blast bacilli
by Inoculat.ion
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~E~oi"-z rt-clt~..t~ Ai~i~okufrom Vlshikeihc-!-C
F~ita ITek~ -A1-4C-U"; *Tecnnol oczv ±Rcsearch Institute,

t exn.er imen-t Is corda)cte 'I th v-unp s~oikelet to redbc the
dannrer of~ naturraL! Iixlection. Th~e 11irst u-,m-er node of f--11v gtrown
r~anicte Is ~, off a-YýQ a ra~rt of leaf is removed. In order to
ev-.ose a-olcal rart to botto- ~-nrt, tiri srrouný'inlz sri'ýelot Is
removed. Fan-4cle Is a-rrs-nf-ed I- much a l.-v that s "ielet lies
horizontally and. blczai1i(- t~rin) are inocul!htecd lh-'
spray -i-ethod. '11us, thae ;-icsre-,"ain on naricle ,Ind t'le
side of nalea m, d 1crm~ra' i cis'd. Aerinoculatonte

"aralft 'In mo at ?6-??OC --nd talken ou~t at 241, hS )nd 7
hours. 1 arlt is settle,2 i.- c*hromlc acid, hvnochromnic ocid -ind
alcohol solUtlan -d t¾ ~r'h-r is settled in for~le - n "
acetic rke1d ýare _ "l't1fn.e&r extlr,-ctiofl of (1ic Iic
acid ar storaze in -,,raffir, alnovt 10 k~L thick oieces Pre cut
hori~rorn-llv and \Tertlcqllvý Pndi. observed after double staining
w It h S~afranir zard Gentian, violet.

a. Deteased rarts of n:-?t1urallv,. developoed solikelet blast

Ti-e results are shnc,- in ta-le 10 and i1. According
to table 1.0, tctlni~mher of deesQS-oiklet on 50 tDanicles
from 5 'ýinds -n-s !.3..19 ~t:of them h::d; leMm renetration, b
raiean renetration, 4 .2 ol~ oeerto 't b~oth ostlea and

le~rma Denetr-,ýtion and 3 •total ren-etrstlon of -p;_lea, lem -,qa
and 2-lume. .Aen 628 snikrelets 'havinr lesion on lermia are ex~qirned
on apical p rt, center par and baeatresnectively (table 11),
71 X of them had. -Lip middle ard. base parts -;;enietrated and 22
had on>v tiD 'part nenetrated. ;.'(I~die and bcase parts had very
few desease ard only 4 ad3 ~.respectively.

Table 1-0

Appnearance of Blast Desease Symitorn on Each Parts of
SD 1,cellet .

2)~ 2 ~ o192 10 10 186 ['

3) 13 111) 3 I : .112~s) (3) (10)() (lao1)

14) 2 - i27 1.1 N9,S

5) 56i105C a

9 ) ( ) (15)) (o

l) 56' ~ 76 62S 51 70 466 1. 202
(6) U ) (.) C5) (36) (1(m))
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2. Morir no. '72 1w ~rt~

5. Guy - la 12. G !,zr:'. c

* ~ ~ . rufe oe 1. r ,rid outer

1.Remrcil 1) ̀arethests 1in icr-itns inde -, mtio
2) Investi~atlons ~r ~eor Set ? 9<:
late nle~tinz Ikrm o f A'-i cn -s te .?r1cult ur-.1
?Exnerimental Station inahn!hi 2rinch

Tab L.e 11

Appearance of Blast Desease S,,"ntom on Erich --rt.ý 7i

2) 12 :22~ 10 28 2 3 5

\I 6 7 1521
10 (~) :) C 3 ) (721) (

4) is 11378S

10 15 4
0) 0 0) ( 2) (91

6) 1:; 12 1( 115
( 2 2) :1) (71) 111

15) 1 ) ) ';it~P

1.Kind~s 9. !ýumber of deseased srike2.ets
2. :or in no. 22 by -Parts
3.Kinnaminu 10. Tib part
4. atsu-13  11. tNiddle -nart

5. Gin~a 12. Base -orrt
* :Tmavelkin 13. Tin, middle and base -part

7. Total 14j. Total
8. Number of panicles 15. FE-mprlk 1) Parethesis Intdicato.s

Index ratio

More than hvalf of' deseased sioikelets, whose. tin, middle and
base r~irts are penetrated, hnd. the lf-sion soread throui--h 1;.ho
middle nart of solkelet (fi~uire nlate 11, 94 stalte). -A- Dn-rt
had -penetration near base part. (fi!-urc plate 11, A3).
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he hve o~he(rvr~d in cnther e,, r-ripient th t the c~ of
1lemina -v.--s str-rific.nt hen Mo-L i n . 1 , _Hi 7isaka no. 5
%olku '-.'d irshvnano. are i.,gocula_-ted Pt an Parlv neriod.
Th*,.s, lesion~ Is likelv to form tl~e lemma of sj)V:kelet anrd the
desease seems to start near the re~ric-n of hair In mainv caqýs.

Ine, death of soilhelet ti-n ,,nd r'Ther.-)-enon of r-revirir ...Iite
coloration cnn ocrur f-rom a monca mweMrp-chis or T'rAnici e
branch. In this casf-e, redicel nlcrt of snikelet dics fro,-,
deartli of w.a.ter ,ýnd turns white from the tin. in death due to
der-arth, o,-,rt al-nirn, the dama-red snot of snikelet loses life and
turns to thYite color frorm the tin of Tnolco. and ½(ýr~rn oit the snme
time. -Ihis svirntorD is similar to the death of ranicle branch due
to iwretration of nenicle brqnch and rachis., 'hut is different
from those forminr- the lesion of de;7th d~irectly. In sonileletr death due to noenetration of rachis by b~last bacilli, the color
chan-e Into ruroliqh brownT is r'ercelved fPirst. When the bpse
tart of sni!kelet Is nenr-treated, the chaqnýe. of color in-t1o r1s
white, sas menv-tione-d, above, was not observed. Wfhen the blist
bacill-i nenetrate middle-base rart of srilkelet, e~arlly desease

'svotoecoesa partial lesion around the renetrated area.
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b. 'fcxtur! o W ,' ':o'! the Stoint of i"'ithol.o ical
, ,.4t R ,

(1 ir

Cn sur'oce of f 1.11'Ž there ,ýre a ,,,: ,- h.-ir ,:f :,.o
similr size cells ond a far' hir of infIrle cell. 3S-•ý1 hair
of two cel.ls for•ri on s rf-ce of el.(i-hon et n ,
and the Irrgc~etent is re:i;Thr. fhe •,.e re e•hb].3 co. t i
of minroocc,, . ecleus (fir-ure lente III, A, E). Side vie,.., of
this q.-all hair is Circil, - :r n-0 Lsi.- Yhtlr 1..r'r tii .'so
of blbst bacil-i. n>en b'r'e wrt of cell surface is ertran:oed,
it is c.sv to confluse with early ne-iod of bacilli oenetrtion.
..- Jr of . . cell (fi-'e r•,t• III. CD) can b? obser,,d with
naked eye. Tin of h,,ir has a -arrow cylindrical sh-ne :7nd it
grows on vascular bundles. Histologically, they oririunrte on
surface and the bottorq nprt cort',ict the lower surfoce. The hair
seems to be ea.ilv dan'mrced by snIkelet friction. If bacilli
penetrate through rmaced rart, the resistance a'airst these
bacilli is small ýýnd they extend to lower surface easily.

(2) Vascular bundle

There are three vascular bundles in ralea and five in
1einma.(Fi7. 4, B2) In lemma, there are one vascular bundle on
midrib and two on both side (internal vascular bundle and
external vascular bundle). External vpscular bundle 'u•,s alon•
the contacting part of ralea and lemmq. In palea, one runs along
contacting rart with lemma, and is arranged as though orotected
against outer part of soikelet in lemma (Fi4:. 4,C,D). The spiral
tube flows into front part of lemma (Fi7 plate IV, A, Figure
plate V,B,C,D) and seems to connect water hole (d-'inage organ).

(3) Stomata and water holes

Stomata (including water holes) can be seen o- inner
and outer surface of zlume. Table 12 shows the relation betwe-en
ench part of rrlume and numbe- of stometa.

Table 12

Number of Stomata (including :ater holps) on Surface of
Glume

- > 7 -
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b( ) a ) b)

(N17 o( o02) o (.1) 90.C 25 2(0. 7)
17 1~ I' ) i (o. 1~i r ) 0 ( ) 12 *(0.7)

t I 18 11(" 19(0.) 0 C 0) 2 (). 1)

2i .i.5) 7 (0.9) 0oC ) 2 (0A)-i16 8(. 1 (n. 9) 0C 0) 3 (0.2)

T16 2 (0.1) .1 (0.3) 0C 0) 0(C 0)

is13 -41 (0.31) 5(014 0c 0) 1 (0.1)
P4 5) 15 3 (02) 3 02 0) 2 (0.1)

15 (.2) 7 0.5 0 0) 1 (0.1)
x 6) - ( -) -C(-) -C-) -C(-)'15 5~, ) 5 :(0.~ 1 (0).2) C 0) o( )

Y.s 2 0C 0) C CO) 0C 0) 0C 0)
(s 4 0 ( oI) 1 (0.3) 0(C0) 0C 0)

6 5) t 1 (0).3) 0 C 0) 0(o ) 0C 0)
- ('3 2 (0.7) 2 (0.7) 0C 0) 0( 0)

Jis 3 1(0. 3) 0 C 0) 0(0) 0( 0)
5) 6 1 (0.2) 1 (0.2) 0OC 0) 0C 0)

F,~* 4 0 ( 0) 1 (0.3) 0( o ) 0C 0)

9 3(0.3) 5 (0.6) 0 C 0) 0C 0)

~ )4 1 (0.3) 2 (0.5) 0C 0) 0( 0)
(s 2 0(C0) 0(C0) 0( 0) 0C 0)

9 tC- 5) x-- 6)-

1.Vertical seraration of spikelet 5. rJper part
2. Number of cut pieces M~iddle part
3. Inner surface a) ioalea Lower part

b) lemma N I'on e
4. Outer surface a) ra~lea

b) lemma
Remirlk 1 ) Parethesis In,11c;i-tes ner one r-ipce

2) Srikel~et is- qer)Pr~atnd vertically into 10 Prd
numbered frort tin aq 1 i~nd h-i.se nart 10. D21ch
nart is resenaratpd Into 3 nart of up-oer, middlo
and lower rnart.

3)None means aihsenca of cut pieces.



"(,.or~dir:v'. to t'n12, *rmuIr~el 1frtat on oiiter is,
Ia-r-e Inenr PdS17 11 j-l Y)- pfal. .1 Q~ s7tol-t 'rc thc cr:

ti Va' 01f 1:'Veltvidruh on rin 1,U' rtr t o ý,to ''

,'e brei vred on botc(orn rn~rt. Stomrat!-- on i'rner !m).rfo;-ce (Cir-,re
rlate V,A) are different from outer ~'rae hvieolr-orved
from front tuqrt to bhase crrt, of s-~~ ~-~ ~tmore. ,rourid sto'ratL, a ott-~i preo~ 1 ~vrrd
the better cor~itions for Tbcil'll ioerjctration.

Structure of .w.ater hole resenbles tho-ea on leavr-.- (.Ki-.Uue
1$,Dabei et al 1950) ard has a crumbled. sharoe of st-o-nnta

(figure plate V, B,C,D). -These avýree with thle findings r-f
G-ishiva (1933) Pa'-d Ber(lqr,4) ii oth er nlaý,u.

(4) Tissues

1_'lu Ie (I 's~t of -foU o~lTi r 7 o j.rc.r f rom o i r rm t.
nt e.r er nI I Prms ( ý-n tC Pr', Is) 0ow'- tiu P id er7mI s or

tissuie) Soft t Is!s'-e laver Pnd i--er 1r3r (,in"ev ~r C r:Is
or enidermis) (ficcrre nlate III, A, 2urlf-lete A)
Eidermis cells on exterrnýl 1l2- hve a larl-(- snoae -,.-d -1re

reg~ularly a:'ra~rred ljayer. FxternoýL rrart hais wavy shnae. Zred
De 'Haan (1911) reoorted tuhat- slilcic acid. Is accumulated on
fat outer wall. Lower tissue consi-ts of thick narTrow me'Thria-e
tv-oe three lavers of fibrous surface (7Breda De Hiaan 1911,
Translated by Harash!Ta.), and is in roosition to -roteFct lower
soft tissue (fin'iire polate V,A). 1hus. the --enetrated bi.cilli
receive a rpsistance from membr~ane i-all of fibrous sirface
before reaching a soft tissue and seemo-d t~o nroceed in vzrtical
direction where the obstacles are less.

The soft tissue cell Is small ard -,>-,hrane wall is thin.
Generallv., they develop rea~r vascular bu:ndle and boundaýry of
lemma.(fiqure rlate I'Z,D)).

Internal enider-,'As cells qre ver~r or-e and wall cell,;
Is very thin (fiziire '1,A). Internal .-nIder,ý,is of YoungR sciikelet
qswells In the direction towards gln.The 1:lin 3 not very
noticeable near the bottom -,art nf clwe bt is ouite noticepble
on ur'oer shoulder Pqrt of sniliel~et (F1ýr 4, Fiý,ure r'late IV).
On shoulder poart of rl-ume, the, ý,,aco' lre~aepn external and Inter-
nal vascular 'hundles is sr~ciql1.v thiclk (fiz-ure ', it~'i-re
rlate IV,Tj). Thick internal rride-lnis cells spc.ns* t6 crintract
in early -period and loeorirzi-fl ý7h!;Je Ir- -re7-ýure In spikCelet.
Internal en)idermis cells near vaiscular bundles develop Into

lcmma, diffl.c-olt:' for'- s crll -n-r-bn-le !71,1.1s and Is .Ifffcrent In
its c eo~r-tfo therr7 ( -o n-eIV .~) "v
cases. sri.:eiet siwells -ithout c-troctlon. Brepcrh 0, 11.)
(1911) and Juliano et !l(1)-)?) trfeated this as sint'?" -n- era I
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epidermis withouzý srecial record. Internal oridermis r not
have charce of receivirz ~i~rest attaclý of bii p xcont
during. the bloominz L'eriod sirce it Is exnosed t~o aiir v'.,-
Ing the blooninr, nerlod. Due to Inco~mrlete contaot of >l'
ti.p, internal eridermis con be easi'li contacted to ouc-_,iý.e
(Figure 4, A 3) and reouires an attention on, Infectlon cr>'

To summarize above, 1) numbers of stowilta and 7 r
bundles in lem-ma nre lar~re covMTNrpd with plalea . and i r1t e rl;YJ
eridermis Is thickr. ?>) Ti nr~rt of sriAre1et has a:. tarre n'1'b(or-
of stomata nnd cra Ira-ce t~su(r- nare devoloned. Th Lckresrý n
internal eriderrmnis is remprkqhie. rnuber of stv)-ata clecrense-zl
cradually from m~iddle rart to brnse rpert. This rnrtu loclkS
droinarte t~s--iseq rtd interrnKL '~~e'Iss thic'". 3) iz-ir is
thick on uTnner rqrt of sni'-peht nrd oi-r art ofvc .
bundles. In the srace between palo-ne,' >m ma , ht:!ir t tiI:C

* on ti-p nart of lprima. Thus, hair , va~sculnr burdl?s, nurloer

and arranrremert of' stomstq ý-.d wtrht-W--s or arra-sýe,-!mt c2
soft tissqure Prd thickrpqs' of Ir~ternal P-Idermis nre dfe~
devending on Parts of rcclumne. It; Is dif -tilt to sav th ýt thcr3
is no relation b,-teen structural ch~aracteristic and hacill4
Penetration. Although there Is no ýAircct relationship. there
seems to be some effects.

c. Anatomical Vlew of Faturallv Deseased Sitikel~tl

Wvhen rieces of glume are qtcK-rned, hea2.thv tisques
are .7reen, dese;ased tissues rinkish browns.brown color r-ic
mvcelia, conidochore and conidium i~inlish brow-n-tea rhrown
color by Pianese III-b staininir solution. ±And by Stouahton
solution, membrane tissures -are ' green, cell meiibran vellow a;&
bacilli pinkish brown-tea brown color.

'.hen sni'celets XavinsR lesions on ut)-ner half (.4i1urer, x
II, B9 state) are considered, they ý.re as fcllows. Thevrlo
In tIS"Lle deserse is notict.-able around center nart of 1esicri
and beco~iies liD'hter owav from the center nart. Palea ,'Itho'tt
lesion Is considered healthy. Tissies are destroyed ait tine
center of d~eseased rert qnd the destruction of tissues Is
severe on snft tismiles and Internal eridermnis. ',,ear the bou'-
darv of heailt-hv ond desteased -arts, -_,anv soft tisslues and
Interr~al enidermis coŽlls are destrov,ýd. In that case, exter-_.
encider-mis m1d lower tiss4ues do not ha.'fve --orv v rio tions i
desenisc-. Tho, varintinn In desesse of Internal .7nldermls rear
the 'roundarV of le~r:-i, Is noticeable and cells w.hich a~nenr
hP--1t* oxterna11ly, K-id "..ce , ~-A'nv cas-es.

vonlldonhorfe and coniau'lun faor-to. ,'-se-sed~ n-,rt- of
externalI enide-rni: or lnternal eridprnls of cqlu:re.-Cn rtr



.i di herih c.i,2w Lr :r -%Y~ h cr'd on raseprt of
1 .ýr j n r in -1nKe ce'l2 (Lirreolite. VI).

P.-rts ý-f Srdlielet and Snre,-vý )'I ý-vcelia eawe1
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1. Vertical, Peýration 'iet

2. Falea3.l Lemima

14 Near external vaF•cu ln bund.e (a)
5. Ziace between (a) and (b)
o. Near internal vascular bundle (b)
7. Near midrib
:. Upper part

Miiddle 'part
Lower part

9. None
Remark 1) Derree of mvcelial spread is indicated by 'ollo-wirp sta -rd.

""-: ,o uvcelia -4; MIany mvcelia
+; Very few mvceoia 1- Verp many myce ia
S : Few mycelia (; Termi-na tvpe

2) Horizontal and vertical continuous nieces are
examined. 3-LL -nieces

3.) XYcelia in tissures can be classified.
Number of r•enetration was nronortional to
mycelial density in tissues,

In glume, formation of conidonhore and conidium is observred on
internal epidermis of vascular bundles or boundaries (f igure
plate VI,C).

Spread of mvcelia in tissues :i, noticeable on vertical
direction of snikelet but not significant on horizontal direc-
"tion. This tendency is observed on soft tissue, internal epidecr-
mis and lower tissure of membrane, but is not clear on exterr-l
eoidermis. An examnle of mvcelial spread in tissue near the
boundary of lemma is given below.

Even when desease has 7ro-res-ed in lemma destrovirz tile
tissues and many conidia are formed on surface, the tis•-nes in
adjacent wrlea are healthy in many cases, This tvre of desease
is commonlv seen in a closely contacted state of lem ma and 0a½3.
From these, it can be concluded that bacilli can not move
smoothly from one side to other on contact part. The fact that
movement of bacilli in h-'rizontal direction is limited is nro-
bablv due to thickening of tisnues on outer edge of lemma rind
rrotrusion of thickened palea forming a seoa'ation wall (ficrure
IV, C, D).

Table' 14

Parts of Spikelet and Spread of Mvcelia (-Example 2)
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Abov e f ic ts in d 1c!--t f t b-cI '! 1 en ct rat Ion. on i-
rart. of snikl.etet occurrs nie-r ti-'L a.d mvoelita F'nrtead tc
ti~ssu--.. If cocitict tkis!ýuE.F ;:e.r"-2,-- rne'et-rated, the surnol.v
for distal -.at is nbstricttcd ýrd tho tio nart of r~nikelelv
seemed to turn %:hite arevish color and die.

d. IPenetration and s-uread of sinikelet blast bacilli
by inoculat-ion

ieal thy, tissues are stainfed to pinkish vellow ornd
bacilli are stained to Dinkishbrown-br,-)wn color b-y ifouble, sta-
Ining of Safrarin Rnd Gentian violet. Atpressoria is observed
on concave Dart rather than ..avv corvex Dart con externa'l
eniderimis In raanv cases. In this experiment, bacilli ncnetr.:;e.
throupgh thick membrane of exte"nal ernidermnis and no neretrattlor
throm:h epidermis cell or aperture cell was found. H~owever,
Deneltration through open rart of large hair cell near base
-!art was observed (f izure -plate VII, D). This open state of -i;
Is often seen rerardless of bacilli rentration. It is not clear,
how;ever, whether tChe opening Is due to cutting oction or easliv
splitting structure.

A t-hin mvceliurn frora an,)resspria is penetrated thro:ih
surface membrane and mycelia that reached 'external eiridermis
cell become ~thicit and spzread,ý Mycelia, then, rroceed to inside
of 71ume tissue and the spread atl lower tissue seems to be
sl.ow. The snread of mvcelia Is very ra'nid ill soft tissue Eind
.internal epidermisq. In the case of bacilli penietrat~ion throuýýTh
base Dart of h..)ir,, mvcelial soreetd in the direction of front-
tin of hair is not observpd but thle spread In the direction of
internal epidermis was very act-ive.

The relation between the lansed tim~e after inoculation
and mycelial. spread is as foll~ows. 1) Several epidermis cells
are nenetrated after inoculation. Some times, a small nmount of
nveelia is observed in lowier ti5!sues of thick membranes but
Is not observed in~soft toi~sgue and Internal epidermis. 2) I-'rcc'lia
become thick in lower tissues after 4q hours 'and a inart of t~hem,
is observed in soft- tissue and internal onidermis. iiycelia in
toisgues can be classified by nevnetration u-nit. 3) Mlycelia. in
each tissue become thick after 72 hours and spread rapidly,
classification by penetration unit is difficujlt.

Degroe of bacilli -oenetration and snread r'vjd its relation
with each nart of snikelet are shown, in table 13-15.

Tekble 13-15 show t6he resul~ts on each SMVkelet from 1rnr,_.r
rart to bnse part in L'S hours after inoculation. Four or five
nieces per Dart are examired and Ithe state of highly frequent
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5-:kelet !art• •ind c Snroad of 1.):celia (Sxam.le ?)

1)) 4 1,; . .. . ,5 J lf J,2) 3) ,,•,.

X, - I.ýzPZX
2' ' 8) ,z X ' "
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3. f 8) --- 4. I X
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6J,, 8) - +

"i, + - + C+) +

8 ,I,, 8 ) . .

""{ F 8) ....

1. Vertical sen-:ration

3. L em ma a
_ ;. N~r external vascular bundle (a)
5 Space 'betiveen (a) and (b)

?j :e-.r internal vascular bundle (b)
7N Xear midrib
•. Unnvr part

Pliddle nart

Lower wart
9. •one
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occ'rr'nce ,%re iiilcat'zd fnr;r • ''-!ce, :--.thoc1 the d ree
of sorend is slIzhtl-r diIfer--' , •in-" p-c'-. '1f*•.'
fo11owInr c;n be srdýeid frot- tc r v tion. t,) ;jh c. nT-,
Pnd lemma are comnsred, m-cel.ia arn ci.7ý1 in ,ie. ti.s'" but
large in lemna. Mvceli-i nirnetrat>1 ,und snrted cire quite
noticeatle -ear exter-al or i-ter-al va~c';iar bundles, ounid
are small In the Prace between therý,. ;-;--cellial .,iretratio n.!d
snread are also !:im-l. in the snsce betweern nale:. and miirib.
2) When snil-elets are examined on tin art, middle nart :•'A base
part respectivelv, the r~enetration is lar.ge near rImdie ý--rt,
and mvcelia in tissues are thick. Althoug;h the sp.reqsoria
formation is easilv observed from niddle Part to b-se -no
penetrotion is seen in many cF.ses -,nd the rjnetr,ýte'i .-n't
becomes terminal tvoe (figure nlnte VIII, D). .:hen !clll!
could not renetrate, outer ,emb-ra'-tne of eoiderm.is. cell is st'~icid
to deep brown color. In terr.inol time, several c.-ide.rorl. .I
are stained to pinkcish brown and i.vcellal mirzrtIon intc :d.r:cent
cells -vas not observed dbspite the '-rersece ot v i
mycelial concentration. When mvcelial spread. is •ctive .und its
movement is smooth (fi7ure n].Ate VI.T, A), the cell ml .:.'.e is
not stained to dher•p brown, and the ,ireree of mrcelia .tainiv is
light. 3) Several cells are Denetrated on external enidermis
and mycelia proceed to neighboring cells gradual.v.14ycelia In
cblls of lower tissues are not thick but exten•ded to vertical
direction of spike1-t The spread of mycelia in soft tissues
and internal epidermis is specially active and when m-,celia
reach a Dart of this tissues tne myc-lia -concentration increases
rapidly.

Penetration of glumes is not observed.

§Insummary, the blast bacilli penetrate through thick
membrane of epidermis. iivceli.a in lower tissues rre eas.v to
extend -inV'ertical direction of spikelet and mycelia2l Mioveeent
in soft tiscues or internal epiderris soread in vertical and
horizontal direction. Therefore, m-celia rill. each tissue with
a lansed time after nenetration. 'ehen nolea and. lemma Pre corn-
Dared,' nenetration is larg-e in lemma and mvcelial soread is
active in tissues. Arnonm tin rart, middle part Pnd base nr•rt of
spikelet, D'enetration is most in tin rart, middle is slightly
less and. penetration is very hard in base part.

IV., Wound and Paonicle Branch BlastO

-As' there has been desionation of wind blast (Ito
1933), it is kno.,n that there is a close relationship h t., rn
blast desease end iwind. However. effects of artificia.l _:,rcd on
rice blast'end panicle branch bl].st rre not investigated. ",.Wu
have, therefore, investigated to make" causal relation betwer-n

-- -
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h is exneri-eýot is coIducted Tt -I;do (Trau, 1952) of
.---c,!t u ra I Te ch, mlý v Fe ser ch Ir.s t it u te ('iS h V Ph Ar• -n K I U

o C411.E.. 2 ri~ontal ,;e'nod

:.orin no. 1 Drd Hi gshiv:n.- no. 38 are -ro:.-1 outdoor
... v- i t. h!E.st "-Pcill.i are inoculated after-,ards.

Cr-.er. ;c•t" r~ie c..ct:d 4 tinv'-, r-nd the followin1 table shoows
6 scr rf rice n d other . Fertilizer nd- inistro ttion ir

n in chaoter Ii.

a.. 1-
I 10 , 1. .5.13 G.2 0 ,/.... .4.0 P. 9.2
ii o)~ 4 ý 5.13 6.20 1 /5.10 8.13 13 1; 9

ill 10 If. 1 4" 5.13 6.29 1/. .J •.:,Y ll ,12J ji 12>. :*o 9. 17
IV • •i138 1" 4.22 5.28 1/2.hf,') s.:r, i ;l f, Jý1; 12).:i .7

-. •]xerincntal no. . Inoculation date
I n. e.s 9. Date of descase examination

3. n!intinq date 10. ;,orin no. 1
-. 'f.ranslartin-r date 11. Ali,!-hiavmn no. 33
'. :ize of 'ot (a) 12. Panicl- formation period

"a •niclo formation period 13. Rienini neriod.
7. Inoculation period

The -wind Pneed w.is in two stern of 12 m ner secon•- (2
repgron) and 9 m ner second (A-reoion). Fi•.•t, fn - for B3 ,o)Int.

Ir"dJusted to rIiv" "-ind sprý-d of 12- r! ner second. And then,
the -,ozition of wind sni-d of 9 m ner second ir Cetermined bv
an anemometer s-,d deAl.hated as A point. Thius. treat-ment of
t;wo different wind speeds car, be conducted stmultanoously bir
rlacing rice plnnt on each position. These relations are
-:chematically sho.no in ?iv,'. 5. Also, wind soed, ro,,m temueratui-"
re and humiditv d'jrinr treatmert are recorded. According to
;'1Cwfort !.wind force table, wind sne-d of 9 m per second corre-.Y
zonds to wind force-of 5 nnd 12 m, per second corresponds to

(* Content of this chanter has been renofted in Kanto Hipashi-
yaca Virus Research Rieport 1, 5-6 (1953)).
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wind force of 6 (Jnm-,n, .:,--r ce -.- :.:eteono•-ica1 Socitv 1C,!.,).According- to an Idlom, they corr.,-ro),.d o a vio,.nt wiid :•

-a strong ;'win.d ren pectiverv (-i'Tra 19' -). Tho co ftjion, sftreatment -,re sh own in t."-Ie 16.

Fig. 5.-Showing a schemntic drawing :of the wind tunnel experiment.
A and B, rice plant in pots; a, fan; b, blow-out; and c.
exhaust.

T. bl e 16
Conditions of Wird Treatment

! ) 2)- (rn/scc) -4) 5)T
~~~ I • W".••

-I , 1 11 9.0-9.4 12.0-1`2.5 2.5 8.15 14. 20-3)6. 50 P,') 27.0-28.0 74177

1I 3a *., 1 -9" 9.0 12.1-12.6 3.0 8.23 10.00-13.00 giN 33.0-33.4 48-54""T •:W[1 43 - 11.8-12.1 2.5 8.30 11.05-13.35 1i'l 26.8-29.8 47-65
""v 12 )j• l 38 -- 11. 8- 12.1* 2.5 8.30 11.05-13.35 9 7 26.8-29.8 .17-65

-1 1. Exrerimental, no. ". Treatment room
2. .inds 9. Tem-perature
3., Wind sreed (m/.qec) A repion 10. ilulniditv

B region 11. Norin no. ii, . Time, 12. Hiashivama no.i 3q
•. Treatment date 13. C1ear
- . Treatment time
7. Weather

Within one hour after treatment, bls.st bacilli (P-2 .triaI)are inoculated and kept in a humid room of 26-20oC for 36 hours.'TheP;,thc iaterlals for experiment II, III, IV are ,laced in•lais room (260C) and those for experiment I are placedoutdoor.Outdoor materials are brought into room when wind is stronr: inorder to avoid nanicle damagle by wind. De-ree of damage on

- T? -



t 1'rvtt:,,,-.t -I r c ri- h nrltrrWl rr~d bcfýed. oný the ;mntlholi of
* ~'m~ t -. (~ ) J I Ltie'. &hsorv-ntions f r:1d

~.ith~t 2rJ-i ~ ~ ~:mi-mac-i ~ de '- gfr inocula-
tiont -ý.ccord!)-:r 0ý i snfi c,ýt In of' chn, Ter * IT.e .

.'cC n " of' ~-niclp v rFs in N~orin no. 1 dun'i-77
tctvtof' ~'r.-rj -c ''ricdi (-Z`,i-rimJL.ent II) en.d observation

ofr ',e-iic½ 'e(iT*½ ifficul~t, iinvesti.7a-aion o~- dr_ýZ17a~e
nf r n-,,,1cle -,:-is ri-:c!-ýntlnued cind- on-Lv lesion1  on leaf -v.ri
.blervred.

2 . Ex'lc r im e rtaI e s u It S

A~s c'xn be sec-f- fromn t-p.ble 16. the variation in' the,
:!;peedi of <i.C-orincr the. trea,ýtmýent was less than 0.5 Tn In both
A ýrdr ~3 reý-icnr 'th:)rouc.hout: exrneri'ients.

1'eeIv', rnchi-s, rmiRicle branrch enmd snilkelet are damrnaved
by the trlt orr.rtif'iciý,l -mind. .:nd. -the degree of Jam~
w~as severe i-n 12 '1 ner sccord wind Freel (B re.,>ion) and lipht
in 9 m ner Fsecord (,,% rp-ion). "E-mosurle -to 12 m per second wind
for 2.5-4 hours resulted. In splitting, the leaf tips and the
color of lec'Lf tur-ncd to sgrevish -reer. Grevish green col.oration
is rartiCul~irlv anpo~rent near the sT)Iit noart of leaf, but not
noticea~ble rne-r thie contt-r. na.t;. Th-e coloration wns vrery light,
on bcrse ~rrrt-. E'xnosure to 9 m per second. -xind for 2.5-3 hours
did. not restilt In fsrllt lreanves and the degree of da-,rmcfe was
very' lir-ht. E'ehs ~ncebranch ,rid. snikelet are likely to
be darne..zed o-., outside. 'mio*id of racnis a-nd nanicle brant-ch
show.s the l !e hn-eý- o the v'cha undles. The' wouind.
ma-inlv occurs on half circimf'erence of rnchis and the other
half 'nVfron :,7ind dirrectior n has healthl, apoe0srence in many
cases. This T.:ound. turns to brown color. Since half circumfer-
ence of rpchis is c greczn qnd the urper an,,d lower n~art of bro-.,n
color~ation is rk-t clear un]ike the lesion resulting from pene-ý
tration of blsst br-cilli. it can be clearlyv distir±zuished.
from lesion.

A li,7;ht1.v swelled. rarts of spi'vlý(et surface or near
the shoulder are easilv w~oundsd.. This wound appýears ns~snots
In f1ewi days after treatment and has a clear edgeo rw
coior.-~It is commonlr enr e,11 'I-tical share and as large as the
lesion or~ desease of rice plant leaves.' The central rart ha~s

a rycolor. These ar"jtn:por enasilv in re'.ion 'ofý 9 M'' wind,,""
speed ,:-nd qrc t---slly found on ol'd i1,.,icle. Bacilli are not
observed on there Psoots. The 3pikelets turn to dark brow~h color
in 2-3 days after treatment. Dnrk brorn coloratio-A is li'ght in
the rezion of 9 m *zInd s-need and severnc. In the region- of
12 mn wi-nd speed. The soikelpts did. n-ot turn to
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-"dark bro;-wn color but the ne.rt r-oosed to nir hpd the dark
bro0,m colorat'ion cduring: the tre:itment. Youni- snikelpets nre
easily wounded ard the "'iour,&- turn to dark brovm color. Cld
spikelets~are difficultv.-otundpd n,id the .ounds are in ,:tOts.
Degree of damagze on racbhis, ,znicle branch -nd small br;nmch is
oD..osite t.,the ca_ýzee sk1ulot -ihn viewed from gro';.th days;
,Damage is liht in initial p:ro.:th neriod .rd heavy in rin.eninf
period. The old mnteri!ls hid severe dai,,,e.

From thesp observations we note that voutig panicle h.,-is
heavy dam'ie in sril-elet and old pa-nicle 1-w'. heavv darnge in
branch. The fact that old ranicle bra'-ch is easi!v d,?,m.v---:,d
indicates that silidification of ranicle branch Takes more
susceotibel to wourd mrd nromote nartiel death due to the lack
of ability to neýeet sudden cheP.e in moisture renewal, by .,!i-ld.
"In younp nanicle, srilfelet surrounds outside of nanicle 1-rinch.

.-Thus, the dcgree of .'ound is high' in soikelet and low in rachis.

oDesease of leaves is-s shwn' in table 17 and f o-,-n'tlon
of S tyre lesion (Advacing ty7e)Y was not observed. M tvoe (standard discontinued t•rpe) and R type (brown snot tvne) lesions
are small in re.gion of 9 m per second wind speed sad large in
region of 12 m per second wind s-peed. When exoeriment I (treat-
ment at initial grow;th period) and II (treatment at rlpening
period), are compared, it was lager in experiment I. This agre. es
with the fact that young leaves are more susceptible into ]daf
blast (Goto et~al 19ý1). Without treatment, only few R tyvoe
lesions are found in experiment II. -Rice plant did not have
desease without inoculation regardless of wind speed.

"Table 17

Artificial Wind Treatment and Desease of Leaves
(Higashi-vama No. 3•)

8'• 8R• Of IN! S n'!
. - 33 0.0 * 0.0 0.0

9)" A (On)'- 2.5 31 0. 6 0. 1 0.0

I B (12n)" 2.5 39 2.0 2.,8 0.0S0-0-2 P9 1wr.,w•.,
" ' - .. .. - 3.) j j O 0 0 . 0A-(;• , 0 ( M) 2.5 9 0.0 .0o.0 0.0

(2.5 8- 0.0 0.0 0.0

r• ; s z! E .B (1211),,).. 1- 3 ' 13 0.9 0.6 0.0

(.- .*..*,;! -- n 00~ oo .-_ __"_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ (f ("1, -3 9 0 . 0 0 .0 0 . 0

B (12ni, 3 9 0.0 0.0 0.0



2 * r o '.,t h t i m p i n ""- C.,. t vrS., t e
I - o, lat.j r ) Io~n c a 1 _,.o al I• ic • r,- n .d n o . tr c.la.tm en t

S Spe0d of' T..: i e, A (91n)
Time v" (2 ")

:. 1,tumber of .7e.veo. :. > irocu:!ati str;..d-ird, no tr..t.. e t

{B(i2 m)

1O.Note; o on r- ii,, the difference i n de!,ese, due to :r-e of
leaves, Tl,,at of same .-. e r.roun %:as Investigated.

'IIhe"A. eFIn o f 1 vo rr for!r-d at tip of leaves and cnoc,c!ntrated
rýýr~u' t' 7iit rnrt. Dcseose was not found n center rd base

pqrt of "e•.ves. Descase, is seen in the r.art of severe ...ou-d at
t. in of 1aes-

Desease of panicle branch blast Is shown in t.-ble iý.
Accord!<<r7 to table 1q, •u-,,er of desepsed' areas rer nanicle by
the tý,,.ec of r.an ic e brorch b".t T! s very small inon-treated
regmion (0 -n ai-nd. sneed) , larg'e in 9 .m wind speed anid very large
in 12 m w..ind speed rerzion.

Table 1v

Treatment of Artificial W'ind anud Panicle Blast

+ 0 0, 0.7 i 0 0.49 4 0 0 13

+ i. 1: ; 0.]1 0.50 8 4 1
J•i: " + I " 1.5 U. 2 .1 0.GO 1 i 3 5

00 0 0 0 0 0

+ 0 o..: 8.8 0.02 0 0.20 1 0 0 0

U19) i , 1" + 12 -. , 4.G 0.2 0.1 0.33 18 3 5 o
0.12 0 0 0 0 0 0 0 0

+ 0 0.2 0.6 0 0.02 0.19 3 0 1 0

w lO) a.38. + 12 0.1 2.1 0.1 0.3 0.23 7 1 14 0

0.;2 0 0 0 0 0 0 0 0 0

1. Experimental no. 4. I tvpe, I1 t Yoe,- II tv-e,
2.T:i:ds IV tyne, neck
3. E.:iste~tce of inoculation 7. Degree of nanicle branch
L. Sicod of wind (-n/sec) desease (,)
5. ,timber of desease per oanicle
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II type, III tvre.. IV t-e, neck
S9. Norin no. 1

_ 10. Xisashiiiwtfa no. 3C
i Recarc 1) "50 '-oniclec rer e:,ncri:nent.

IV tyne (rachis 1T!t (, I.T t-m' (•ri:,rv -anicle branch n,,I, t)
and I type (srike~wt b!-t,) hrd s~r.!l number of lesions .. c:res

noode of *aihicle branch or II tx.,ie oripi',n.tin;r from srilcoiot h1-s
almost same tende'nc•r as the -. ,ber of infections. The above

'facts indicate an a•:remesnt btt:,,ern der.ree of ,:ound and dese:.se
of parts and ranicle branch bl-alst and express that m-mnv wounAs
panicle branch blast and express that many wounds result in
many deseases.

Neck,- blast has an aP:7ost simi.lar tendency as ranicle
branch blast. Neck blast in e:xprrim~ent I (.Jorin no. 1) for n;un-
treated case resulted in many Lleath in suite of the relatively
few infections. It is not clear -vhether this is d'ue to the
difference in asmsall number of tests or other reasons. Vr-,riation
in number of deseaqes was large in panicle branch blast rnd
small in neck blest when the soeed of wind was varied. This is
related to total number of each ormrans in a panicle and snots
of wound increase proportionally 'since the number of spikelets
and panicle branches is larige comrared -,:ith nodes at the neck of
nanicles. Therefore, the-freouency of wound infection becomes
high and panicle branch blast increases.

-From these experiments, we have observed that ranicle
branch blast iicreases due to woi.,ds c-'used by wind and the death
of panicle branch increases. Since the desease caused by wind
was .mostly iI type rather than IV type or III type, the main
effects of wind seem to be infection of spikelet and nanicle
branch.

V. Infection Period

Examples of panicle branch blast occurring at later
neriod are widely observed recentlv, and Imm;ano (1933) and Arihara
(1950) stressed.importance of deseasc occutrring at later ,period.
However, this report does not make clear as to whether this

-desease at later oeriod is due to infection of later ne-iod. or
incubation of earlier. infection'. Thus, we have determined incu-
bation period exierimentallv and attempted to obtain infection

-,reriod from th6 oeriod of naturally develoned d.sease.

:> 1. Relation between Infection Period and Incubation feriodd

*.,a"Experimentali.ethod

"''Huzisaka no. 5 tnd,'orir no. 1 are-used. They



r" nfted on ... v 7 -v - t' on .u..0, 22. One stock (one
nstock-4 - ieCer-) '':r:- - .e C e in 1/ .000 : ,.ner rot. ,Fertilizer

w... 'Ti..con ns ' in . . of c'.,i.ter II. Three inoculations
are wocid- r,. cu each o- <n c',-. , -ion ;-eriod, mil.' r]Tnening
,erlo.i mr. lt.rch" r.-,nirq ,e-o ,. t h- cili (F-2 attain)
[ ,r e '• ooc u; r . t N 3 - > ~ . .. .. -.',,t . - -" -j" . . . i q h I r o o m o f 3 '-•r,~~ro. o" "!rt !...
2.oC . o'r .... . hours. ",-erw s, they "ir'Thced in ,1lass roothlr 'c-", u sted to U 'oc r~n d ,Ob •,,,, . ._ . t0. d e- c" lo :;..' nt o f d e ea se .
-le n•ickig 6•c-tes ,ere f-, c yeter ci2.d and rots havinlg." the 0,iC, Ing

stat%, •re 'vced cri:rloatinr tho.•:e ita;ioles which did not reach
the ric,.Ir ,tot1. Prom other oxncrime.lts, re have lef,.rned that
'r-,nicle Thrarch d-?,t does nnt )velo after two weeks from the
date of !noc;n½tlion-.. '.Ie "?<ove, th.. refore, investigrated up to 15
da- ffter irocuhLtli-n.

b. Exoerlmental Results

Table 19 shows the incubation iperiod of spikelet
(oalea, lemma and i!lume). The --umber of deseased spots are
hic:hest on 9 t~i day after'inoculation, followed b! 6. th and 12th
day. Descase i.s rarely developed on 15th day after inoculation.
When we Oetermine average incubation period accord in- to the
method. of Imura (1940), Huzisaka no. 5 has q.8 days for, panicle
comnletion period, 9.1 davs for milk ripening -.eriod and 7.7 days
for starch rinening period.. Norin no. 01 has average incubation
period of 9.4 days for nanicle completion period* 3.8 days for
milk ripening period and ".0 days for starch ripening period.

Table 19

Incubation Period in Soikelet (ralea, lemma, glume)

- - - - - --- . . ...... . . ......

4) Vi t
:j . ~ 5)61-1.,l 6 9 P rT)120 n8)156 9) , .(-o !

S'3 IJ V 47. 2. 180 68 20 293 9.8
11) 5jJs-.. .L '• .11,1 43 21 75 12 6 i14 9.1

Wl ..A• .12 .6 46 7 - 9 . 7.7

' J;.l 176 82 11 104 0.4

142) ,,'"',. 1 , L Z. P1 53 2 ,41 6 5 73 .8.8
V,]A ?( PI 69 72 66 18 - 15 8.156

25) ism-" r-"...........•" 1A "" ." ...2) 4UJ)•[;l/ , •~'MV:]•V 23/\1I, .]!.J.IT2/ ,': --..

1. "Ids 4. ,'- umber of deseased spots
2. Inoculotion period 5. 6th dayv
3. Number of panicles 6. 9 th dayr
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12 12th da Y
3.15th dayr

9. Tota].
10. 'vera~e incubatonreic (')
11. EHizisaka no. 5 Pa-o c:•e~rezicd

St r- C11nn~~rc
12. NormI no. I P-.nicle ccmileticr i ~riýýd

St~ch ionnin -,erio'
1". Remr'trk 1) The- -oui".ber of dos,ýeasecl snots irdicaites tota'

nu!ýber on rariclz_.
2) c.ui t ir, -ý ra~nicle comrinetion neriod

ilrArmleInr rneriod ?3/VIIIl, starch ri rerV,
-c~iod ?2 /PvFTI

-ible 20

incrub-- ton PPerlod in tV'od~e of P-onicle Ernnch and ~ccof

R~ ch is

1 ) 2 ) . ;. 3 ) , 4 ) 71 Z.. .. u, .3 .. 1 0. .

_______________ 5)G~r6) 911 rl7)1211N l8)15n1fl 9 ) `V (H
Q(t.4P1 47 3 8 1 8. 20 11.1

;9) 43 11 2 7 6!1
-12 8 15 .1 - 27 8.6

CG 4 Jj~ 3 20 2 0 25 8.
12) r.4u* I L 53 3 0 2 4 9 11.3

VA21M 69 3 3 0 - 6 7.5

TPhe keys are same as table 19.

Inoculation soon after panicle forna~tiori had. lonc-;er incul ation
reriod in both kinds. Inoculation on old nanicles had shoiter
Incubation period. liodifference In incubation period. between. t~h,2
kinds was observed.

Ts-ble 20 shiows Iincuha on r~er'ord In noeofn
-- nod u-.r-n±icl uirt.ri

and ra~chis. According to the table, number of dese-asps;~~ t
hei.Thton 9t-h davr -A ter Inroculetiol2 and hadA almost the same
tendency as nrikelrt. Aire aý,e Incubation per~od of Huz iskno
v.a s. 11 .1 da Ys for -oanicle comrietion -period, 9.A. days for ml
rincnin,, reriod.and 3.~days for starch, rirceninpF Deriod. --'orln

''4



o. ...... .. 9 dfv.?s 'otr cl7uc]. co.-1 .- tion roerlfd, 11,3 d•:vs for
"Ilk cri: t,%ri�, -o_ .1d 7.. , .. l-'s f:-,r stnrch rioeniinp reriod.

.he.se r !,1blts t o not n c. c ].- Iv , -,;ith those of Huzi,,ai

-be 21i ,•ho'. th9e 1.-.e:)f ede ,Dt the neck of ,aincle
(nock blar. t) . Ivern!,- incr'iz2.c•ro nerior3 i:-. ]oz in -rnnicle com-
elaotion neriod for roth ,ic, mid 'r•A2ul in .uik rmi nel:li
reriod ihere :, it 3 shert i. starch rirenlnq period. Th'Ls hos
the same tendencv :.s scik-9et.

'Pable 21

ic u btI'ton 'L'criod ... •t the neck of Pnnicle

''I ; " 5);: .6)""fli7)-"i~i18)15H•; 9)' ,;1 (tl)

.* ' VA 47 12 13 26 12.1

"",42 5 0 43 6 7 11. 1

A ', ti. 42 7 2 - 9 9.7.

66 25 G 3 36 9.8
12 :'.• ]- •• •! a ] '3. 5 4 1 1,1 9.4

4,4 V A 69 , 6 2 - 13 8.3

The keys are sa-me as table 19.

Infection of panicle branch blast can epsilv occur at relatively
later oeriod. Incubation period is somewhat denendent on inocu-
lation time. Our results show tendercy ofshortening the incuba-
tion period as the inoculation was done at later .oeriod. Also,
incubation Deriod is lonr, for node at the neck of vanicle and
rhort for snikelet. Incubation neriod for node of rachis and
panic .e branch is in between the above two.

2. Infection Period in Nature

Panicle branch blast is prevented by chan'_in< the neriod
of medicinal spraying or combining the period snd number of
snraving at farm and infection period is investigated from
,lvelopment of inanicle branch blast.

a. Exrerimental I'iethod

Place; Farm of Okavama State Agricultural Experimental

Station, Hokuko O1ayamashi

- -.



.-Ye~ar; 1055-196C1 1 -r~

I jcwing-;ýPlantlcd ~t i2e oý' T*-ý s-n +-,dt Jun~e
~?st-ý_k.s are zTiý-a.ed te r3.3 s;. 'ete-s.

n e (-r LC z0ý). in nes re v f'z:L,
-timies ns DcFws A-!-o z~ i> ,i, 7,.5

* - i, 1~K,- on S". e . An'd. -?5 - o'vi ser-~t. 1'-. 1r.
:and 1940~, flertllzer i-.' !zi4ven on Sen-t. 5 src" JTh'r 3;.44e-elvelv Instead o' ;a*.3 serera2. '1t-

12

3, Oame s above
4.Calciuul 1hosohate

Weather table 1 (194P) ('Exam~ined by weath1er obsezrvator-.7
ofOka7ya,-a Rep--in)



7 5)
l_ 2) 3) 4) -4 . . ..

"C c " :Cun I ""9 6 A• - 1 27.o 0 1.9 21L' 11 -.7 1 :.
2 V4.6 1-. ".! " ' 4 21.-4

b3 27t.3 17.0 21. - . -
Z . -"6 5s.d "I-!. 7: dI.9 .2 1. 2

5 .O i7.5 ,=' 4.9 1 •4-:7
6 2S.7 22.:; 25." iul.7 5 j 9 i3it (295 )

10 ) A 1 2 .1 7_.6 24.S 59. 8 5 7.- 6
30.0 22.9 S&.2 ti 5 .3 27,8 id (C101)

3 - 3;.3 22.4 26.3 0.3 1 45
_21 51. 23.2 27r.j 1 .8 3 43.4

5 =.9 24.2 27,.8 .2 4 31.6 17)
z6 33.6. 24.0 27.. 33.0. 2 4&4 !2.- 31S)

n") .J 4 8.. - . 5.9 a. . !

3 3 -1 "9 " , -.- i 4 :." ! 18)
4 -a 9 =-I 2 i.; a.l 2 11.0 ;1 12 (CISI)
5 2S.0 21.7 1 2+L. &1. 5 11.- -The (--. 2-|4)

S6 :I. 6 23.1 .- , -9: - :2k -9) "

29.7 2.1:N 4 2 277. 4: 1E i2Z)Mt1t(6
2 31.2 2".0 2.:, 3.0 3 2.o..8 =J•i (IOUi)
3 29.8 20.9 24.9 ::.,7 4 . 5.5: _.
4 2&.3 I[ 5 21.: (.0 2 34.2 ((7Tii . L1.1L)
5 25.2 -&5 21. . 11.8
6 23.o0 I Ili E1:; 3 , 1..3 j-f:,1,i (3oji)

--13)o 10 I 1 21.8 13.3 ... 1 17.6 21)
2 22.7 9.4 15, 1.1 2 ,.a .it!i (8I1)
3 24.9 1".-4 1.7 -- , 2 .7
4 20.4 11.1 15.i :.2 3 17.6 i- (17, 1,,9)
5 I 20.5 11.3 15.-i 9.8 .4 03.2 2
6 i 17.3 &.8 11.5 G 2 25.8

1. '-cn~t--n •-cn•n 13.October
2. Period 0f davs day)

7 e ea e 15. Farm plant-, (29th day)-. o.,,e•1 feeatr R T~uvuake (10th dav),
of rarain urell 1'. Addtiona. fertilizer (31st

<. :moun of ain allday)

S7. •umaber of davs of rain fall 1:ý. Additlonal fertilizer (1"th
sime of sun Shire dav)•9. .Jlu,'e

19. Strong wind (23rd, 24th day)

12. September

- _



:-,r- e for' •._ •:eriod (1C ,tL.,, day). Add itional fe t. i . ..--.

-(1th dany) :'.cdicie sofav,- (11th, 15th da7,)

S• ra in (22nd. 23-'d day)
•.,edlcine srri. 1rI r (2Lth &~v)
X- -1ic Ine v (3&th .2..r)

P, atn (17th, it a-V Table 23

.:eather Trable 9 (re9) (e.t h- wP;:er c"rz- •
of (>,.'S~c'. a 'e or)

3) 6)) 7) )"-)•• i) )) 6

S'

2 25.- 5.. 29 67.1 4 33.8,
" 3 92".!) ".5 19.9: 0.0 0 44.1 ,

4 M 2&M 8. 2-.3 1.9. 2 ,

5 28S 1.1 25 0.3~ 32.
6 28.9" 19.71 I4.l1i 0.51 3 38.9

S10) 1 30.3 22.8 2&1" 11.2 4 2-1.2

S 30.4- 2.6.. 18.1 5 26.9: 15)
i 3 2.2, 22. 6 25.e0 80.3 5 10.6 (11. 13-15H)

i.4 M3 'Ili I, GA126. 3 20. 1

- 5 j . 2. 271..v 0.1 1 3 6.9

6 j 33.3 21.5 2&9' 0.0 2 63.8
83)s• 1 i34.8 22s .5 4 .0 0 5% s6 1 16)

2 30.0 _9..2 26.42 43.1!' 4 2..3:,tJ:(P,9I)

" 3 29.1' 21.S 24.4 50 I 2S.7

4 31.5 23.3 26.9 9.0 1 3i.2

5 31.7 -4.2 26.8 0.2 4 -42.7 hi; (25.,)

6 33.8 23.1 27.8 0.; 0 6C.' 2 '" ....

12) 9 A 1 3290: 21.0: 25.9 O.j 1 Li.21)

2 30.7 -0..1 25.1 1.7 3 31.4 ,:j".( i)

3 30.0 21.7 25.1 65.77 .1 17,1 - 0 (15)

"4 28.3 21.0 2.1.8 10. 1 2 37.5 (17, 18HI)

5 .27.2 17.1 21.9 .:5.3 3 27.0 : ,ii' i (23,N)

6 25.6 16.0 20.4 65.6 2 33.1 j tQ6i1)
13) 10 , 1 23.1 16. 9 19.5 12.5 3 12.'

-I

2 24. R 1;.4 -1.7 M. 3. 2 29.2:

3 22.6 9.5 15..4 0.0; 0 3..6

4 21.0 11.6 15.7 25.0' 2 23.1,

5 23.9 9.7 15.8 0.0 0 40.9!H 22.4 11.7 1i.5 i. 2; 3 ,10.1 _

-4.: - !
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It' - C -:1- .-e- r-

* .oiclne frnatrr n c. - 1 Cth 'a,,

Snravic- ne -nrz: -rr~ e fr ifcet o ac xer

Amiount c--: snrlrvin-.,: L 71- 7'-c.oder -,er 10 P ar~d 1.' 1 'Liquid ner 10?t.
Classilfi5ticn; 3-!' contr!wOus sectionis luj-pp method.
Area; C--n e s e t-i 15-V 5 qou-0re P et ers

Table 24

"W-,eather Tiable 3 (1940) (Exami-ed by weather observatorv

of PWkaya-.a Region)

K•eys are sam as table 22 exce~t follcwi-ni

15. Bip, rain (21st, ?2nd day) 19. I,-edicine sr~raving (1st day)
14. 31.2 rain (`ýth day) M.edicine spraying (2~th day)

Das..- hifth tennerature Pp-nicle formation nerlod
17. Stuaong wind (12th da-) (11t-h day)

Stronscz ,!ind (29qth day) I~edicine so1apravng(21st day)
;:!edielne s-oraving(--"th dav)

19. E1i7 rain ('-ti,, 7th day)

Examiration; In lpidxlrle-e-nd p~art of October, deseases re xamnined.
on ?0-30 stockrs In one se-ction. Node bla~st and neck
blast Are comnared b-y toanlcle desease ratio. Panicle
branch blast Is bq~sed on i-ndex value of cn-~rter II,
and poanicle desease is examined In 10 seocarate
classifications. Following equation vas used for
Panicle branch desease.

Panicle bran~ch desease alnme of x 100 (Z)-



Pani1cle dese',se rate 's 1il-ht for de-ree of de~& •r *
0.3, "ed'iT for 0.nd 7 "-, " fr O.--iO.

.Veather; vieaher of june-Ctto-er in 5 days reriod :as 0 .
ta-.2e 22-2'4.

b. ne-iental IeSut

(1) investig.tion by $ 1rec -ne s•,ra.-ix

This experi..eets are co-nd:cted in 1950-1057.
In 195P, experi•.erts on v"br of soravincs are co•. ,.ec
the results are sho.n in tabie ?p .

1) 2),J) 7 8: 2 4 614)
-- ° C . . ° 4... ,,.... ..!l:

* O --. c - 1Z. ~ j~9)6 1 2.1.5 15.0 1., s 1.,; 5 26. 1
2 A-29.5 i .7 25.7 I1
3 [ 22.4. 16.2 IN.7 41.0 5 12.6!
4 26.4 16.3: 20.8 4.1 27.0 10 )
5 1 26.5 I&S 2•0 86.4 4 19.71 ;ki -j (21, 22J3)
6 30.6; '22.0 2.o0 00 1 31.71

10)7 A 1 31.0 -s5; 25.7 235 3 30.1 16)
2 29.0 22.0f 25.1 128,i 3 21.7, ki-(8P)
3 32.11 21.81 2r, 6 4.2 2 54.3

4 32.71 22.7 z2.2 0.8 3 34.7.. "5 ~ 332 23.3 27.8 0.0 0 5:9
330 23 51

-6 33. 0 .9 7. 31.2 3 52.3

1 )8 1 I 3-.4 2- .2 -. 9 4.0 1 50.41
2 33.2 23.7K Z. 54.0 17)
3 29.2 23.2 25. 1 121.1 4 19.7 • (12[)

4 31.5 22.5: 26.4' 0.0 0 i 44.6.
5 32.4i 23.41 27.4A 0.3 2 42.0
6 31.5 22.5 26.6 45. 5 3 40.4 MS (29i)

32 )9 ,A 1 288. 8 22 ,.3 24,. 8 40. 2 57.5 • :;t ( 1i ) 18

2 27.5 19.3 2::.1 23.6 3 19.2 ;wiiJt4-;i (8 0)
3 27.0 20.9 22.1 19.5 4 3.71 W[ OIC1l1 F1
4 29.6 20.6 24.1 32.2 2 23.1 1
5 28.8 18.2 22. 0.6 2 29.6 - (21 )
6 25. 4 15.9 20. 0 4.3 5 23.91 W jVJ'flki (28Pl)

13)10 A 1 2:. 6  13.9 17. .4.:3 3 13.5 19)
2 22.7 14..6 Ps. 1 72.1 I 2 20.1 ;k[4 (6, 7])
3 25.2 12.0 (r. ) 0.0 0 4.1.5
4 23.3 11.3 16.4 20,9 2 36.1

5 22.6 6.3 14.2 0.01 0 42.5
6 19.7 7.9 13.1 11.1 2 35.1

/

____ ____ ___ __ - .- •0



I.' a

£:e'•-et b'" ST~ratwb Seresan lin1e (1) (1905) (.v....-
"of 3 sections)

* .. 2)" 23)"

C' 0.689

* ~ ~ ~ ~ 1 .1 2~; ~ o.68)~ x .1(70) 2. 0(33) 1. 7(0*) 3.1(21)

12) ~ Y , 0.:;(9,) 0'. 73) 5.C(52) 2. 8( 7) 1. OWo3) 3. 2C71

S:" 'Vi- JU t0. o,, 1% •,,,- . (;0•) 3.:!,' 2. Z(T79) 1.0(67) 0. ('<25) 1.-1((4i)

S14) t'" ... 5. 3, ) 1.--) O -) -S ) 4.( )

15) • .. •co ,• : :_-z~ ,, •,•, 6/M. •tiJU, lcA;i 15/IX. Lý-1%1,• 'i 24,'.

t t" ., i •- 30/a, ,.
2) P ..-

*-3) U :f r41 ch j ~l H~ AL'~ Wý P ZI: I~ C & 0 t~ L C -k

i. Spray ing
2. .'ode blast ratio
3. Neck blast of vanicle desease ratio
4. 'anicle branch blast
5. Light panicle desease ratio
":..*,ediun panicle desease ratio
7. Heavy oanicle desease ratin
q. Degree of pa-l :le branch desease
9. Panicle formation period, one srrav
10. Panicle formation; comoletion period: two sprais
1i. Panicle formation--•ilk rineniný period, three snravs

12. Panicle formation-Starch rirenirF neriod, four spraSLs
13. Panicle formation-Initial yrellow ripeinrh. period, five

sprays
14. Standard, no snray
15. Remark 1) Spra• dates are as follows. Panicle formation

neriod 6/IX, ranicle completion reriod 15/IX,
milk rioening period 24/IX, starch ripening oeriod
30/Ix, initial yellow rIT-erilrr period 8/X.

2 2 Parenthesis indicates rrevention ratio

- 5i - •
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Prevention rr,"tiri no ;nrn, -rno snetion
L;Cense -r-,ýi~o of" no'~ secti~on

as zero rnrevention effect. This is rc1ce oY02
here on~.

Acn~orciinT to' -,-n 2, '-o ýio of 11crilt r I c 1c
branrch blast wa c!ý i*'n !--a; 7-'ct ion crc-rmna,-red .thno S:.

Secion*'.Be't-wen crAch !7nray secti.-ons. the difference LnI I .iah
'Panicle dosense ratio was 'not lartre, a~idx the ratio w..as ai 1Ji1t;1i
1`6w in 4ý-5 ti-'es sr:.._v !7-ections. jnice eos rti o ~cli,
an'd vcv s1~t¶ e~; cW- it I . cton f'rom
nahicle formation rc-rlod to :nllkinc ne.o'od ::.d r 1! ~ie C
was ob-7erv~d in rtoi-~ !'nrn0 ecin oevrznrr.v r,,

at~t~rh i~ ~rV.i- ýý"!"itlnn to ;r~tl10es of ~-nravý

reduced -The .'lAc1-~ ~~ .Is1c1ie desease ratio for
five srra-vs in Initi-1 1oA rir-enin-i, -cricd- was a'17outA
thnt for rour rnrnr'vs. Dte:rr-re nf '-,nicle b1-tranh desease a
his-h 1" -1-3 s~r ection and -Lo in)~ ras ctior.
Therefore, snr-av in starch rinerinT reriod. reduiced the de!Cen!3e.

Looking back at weather conditions since 195cý (see table
2I), there were stron t.-ilrd 'wvit'hout rtAin on Sert. 1? and bl..c

rain on 22nd nnd 23rd rI-'ht'befrre the snraf of mnilk rI-ne~ni-nE
reriod (2LLI/IX). Wonather aft'trw..ards eras relattively smooth.

ConsiderinF all. tbesoe conditions offct (If redici,-e
snrav were reduced due to wind r~n'3 rain of middle-end of Spnt-
ember, and infecti;on wrns ratTAdiy 1,%nrca-d After the strorpg -.,fld.
Thus, the orrurtunity for Infection waa, Increased from the end
of' September to beginning of October. Thus. sornying on Sent.
30 of' starch ripening r~ericd -rýrevanted baei.1i invasion and
considered to reduce desense.

Table 24

Exneriment by Spreading .S~resan Lind (2) (1959)
(Avera,!e of 3 scio



lit [.J

9o) ; r , qJ h J _ ._5.5(80) .- ) m.l-106) .SC(72) 3.1(77) r,. (70 )

10) 0' ' • r J ;'AI

7,11 6.2(82) C. 7,-:') 1 01 n(22) 7..1(.-6) 5. 9(57) 11. 8(19)
J?: 1 1:' lS.lTO G,,,(7 15 3) S. 2C.10) 6. 2(5-0 13. .4(42)

"" ! 6. 2(82) 1. Ill. ) 5. 3(.59) 5.9(57) 11. 8(.0 )1•) :;" ...,(82) 1'/;

......., ,, ,•2; 2.(100 ... ... . 6(70.) 1.4090) 2.30983) 3. 7(84)
2

, 2 Wi'

16) .. . 2t J 4.7(86) 3 ý(87) i4.3(25) 3.6(74) 2.3(83) 6. (72)

17) . . 2 • 3.5(90) 5. -(78) ,6.3(15) 4.3(6s) 2.0(85) 6.7(71)

18) - rý R" l:• it la• 341.2C-) 24...."-) 19.1(-) 13.6C-) 13.6(-) 23.2(-)

SF* • fl.S. ** **s
t (0.C1) Sd 5.86 11.48 - 3.16 4.02 4.49 ,

"t (0. 05) Sa' 4.28 S. - 2.31 2.9.4 3.27,

19) t" 41 il.Ayi P i 2l;i'z) 25/0I. )J f! 1-IFA R I !' 41 2&/VI.
5. •. ,

SI .S .- e:d in i
N Vode blast desease ratio

3. ,ec' blast desease ratio

4. Panicle branch blest
5. Light. -anicle desease ratio
. ':ediumn anicle desease ratio
7. hEovv r~anicle desease ratio

.. De-ree of ranicle branch desease
9. ,iiddl c period of young canicle formation, oe spreadirg
10. Latter neriod of young panicle formation, one spreadi',g
I i. ,Inicle coT7ietion period, one srreding
12. Panicle completion period, one s re.''t½g
13. .ILlk -ir~enin), neriod, on spreAding
14. 1.1iddle -period of voung ranicle formation; Panicle completion

period. Two spreading
15. Latter period of voung naniole fornation. P?,ricle forv-ltion

reriod. Two snreadin-c
1. ",>icle formation neriod. i'nicle coinrletion Perind

Two spreadin7
12. C-nicle comonletion 'reriod. riUk ri;ninr period Lt,•o 5o .iYg

-53-
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11. Standard, ý', qnC!'di,

* ~niddle nri~rod. of v'our'z ran~cle formntion ?/111,

lattCer neriod. of -vourznf r-,nlcle formf-tion 2 /Vll,'TT
Panic½l forrator, rc'-e"a-',
Paniclý o;Keto-;er<

2) iarenrh~cs's irdico:tels v-.czo ~

pal 4~ .-how s e X ne r.Z !mevt I r c-1.t s o t a it ed i n 1'5 9 b v
* ~~srnreodinf; period of Serer.'n 11r,- co--n t-o t:<ble 2-

cteý-e~aoe is is'-all In one P-o~tef-dir2 -t ~rI~2~neriod of 170o';-
V Wr~icieforma-,tion (2V~~I~II) "tut "'i ~" -e~eve *'-,d~

other .'eriods . owýever, tle dqe,,-~c i!r'5 c. on c'YTb
tweo soednsas a result o'f noTi--~ i eriods.

Specific.all11, 1-Pn.'c~l edse is t'61,C s- i-n t'Ct
spreao- 6n d vr i ýr ~ -5-.Y~ rm-d o~ ov'~ r~n I.c e f or-,i. ~ion,
panicCle cormnlet-ion -,e~riod (25/1'vTL, -id1) Is in " 4

soreadirv,:r'n clilv'-- nte erinOr o-:' -a-nv~~c2
o anicle frm:,tion perlod (9Q'/'j 1 1 1  5 /1X) 1.--.. one s~ra'Ln-
during middle Deriod of votumg panicle formaion(~'T
Panicle edesea ses- in other wni:ýes were. manyr inL bnth ore or -'-. 0
snoradiný,s. .'edium and sericus rnanicie deseases were s~'±in

*1 c~ ~'one.Th at middle neriod-latter period, of vou-ýrii' n'-icle
formation and manv in other cases.' Two sipreadings reauced
nanicle deseases specially during middle r-c.riod of caniicle

F ~fozrmation, -)anicle comlwletion period and. latter neriod. of'~n
cle formatio)n. Panicle branch dez:-asr has a tendenc-v of nmz
and serious nanicle desease ratio.

'.,Jeather of 1959 (see table 23) i(J.cict-es that, the cloor
weather -as distcurbed by stronrz -%ir~d of 'L t~gust 1-9 rin I~nv
davs continued vzitil Au:r~ist 15. Tei~n~eraturte was little cr
than usual. After aur~ust 15, the wveather wvas :rood with suall
amount of' rain sa1d high temperature extended to begln-nor~ c,,
Seotember. i~rom second, 5 days of Senotember, there was rtr"." 'E"11
strong rNind blew% on Sernt. 17 -and 26. Weather was bad bcet,,ea-n
these two rinds.

'Slost desease ber,,n.n to, be o.ctive under unseasonable
weather in the first half~ of Aufust. But the qecond infectirnn

Hwas ciiec',zeci by- medicine -nrea-di-nq (2YVA111) durins!T middle
period of vounp- unr.niol formation. The srnread or blast df?ý(' - se
aflter tlne mildd e' reriod of voun.,ý p, iole format ion .s r7' 1p.

b~au~.n god -~her 1" se-:condr half of Autgust. T"l'-
frecoiercy of Infectinn was consld~er'ýblv reduaced and the dicv C1-
lonrent of desease was very small under these sonditlons.



Ahereav node 1-1 '< a5ý bhst Th'Ž rel.o Lively
srl1.-7 one srre,-'.dinrr, n',nci 'r~chn h dpq apse was oro,,cn red~uced. The rp;:oqon -1t, 1 fs f nll011s. D~u e to0 theeffects of stroniz ý,i4L-d (,-3ert. 1,:crt. ?,). ',rio-~tbc

beotter for develoi-rernt of dp, ze: ard o-rnztunity f bl'st
ba 0 1 1 in vas 10n e xI i t ed ý-,,t t:-ýe, C1ndo L't~nc 1i'nin
of Cotober sjýýn-e as --'I hovtewr, 'in-e v ckblact,The desciseo ;a feW in sr~ite. of tVcj~j iii-vi1ndr-t
n.eriod. Cn thle other h,.i~d, the ~niclr, 'eaith increased ;i.- a
result of infecti:)n d'Urin'v, thi:7 neriod.

(2) Inet'~inTy red.z£*~Ei.uk tilr

FY7ýri'r-e`t-21 re-'ýis bt!ýIncd bf ustnir P-YiA -ruls7ion
in a9 re show7n Ini tablp 2?.

-- ori-ert S -Sr•.ýnd i n "A Ehn 1s Ion 1i9 5, (Averao-ýe of
3'sections)

2) 3 l.cý; 6. 7~ ('26

10) .1 1A 11I 0.i 0. 2 .1. 7(25) 1.9(32) 6.6(28)
U) *1  ~ ~ tj0._1. 6.0( 5) 3.2( 0) 9.2( 0)

13 1:1 F, t1;11c11 0.0 0.0 3.(43) 1.( 1) .7'.18)

ii'( k 41 2 !I~li 0.0 0.4 4.8(24) 3.9( 0) 8. 7( 4)

16) V- 1) IFjh Iýt * Q MI1 ill I 4i 6/.i h~~ lX ~~~ 5L~ LM

1 . SpreadlnF
2. No4de blast ra~tio
3. P~nIcle Otesease ratio of neck blast
4. Pan.icle~ branch blast

R. ate of lir~t raonicle des~ose
P1- Pt E o f (reI I n "iic I L d (- ' Pa ,

?. ate ofsvrinus niinioile dese.,-se
F!. Picle 1formation p~eriod, one sr'readlnt,ý

9.,gil4le 7~rowth rer!.,_, :,,,e smreading

-55



11.Mill- ri~eni-P: rericd, onie srroe.diniz
12. P-nicle for~ml-tlon i vi"ce-~ot ecd, tw.o ~rrcýý4 Pn-~
13. Panicle fnr~r-;tlon , rcmricl ccr.inletlon, st~& read i

1-5. Stardard, no redn .ce orrtc1rri'.5L

ret-cd 5/2, 'dlkre,~ip crlod 24J/1-~
2) Par.cithecls in~dicates nrev;,ni~on r!atlio.
3) T":: cmulsiQn wqps obtained In Jul-v, 195ý frori

`,cýric'_iltural Tý-chnolo'-v IResenrch I-nqtitute, :
contains -J.5 ~ ~ ncc~~cn ta~tidn. 7.C"

a~a's~t t~his fnrri wore Desrmliv ' ca S
were develoned r~liA"tt½ rore in !1-ction of one s'peadiv7
!l )ar7,e diff'crenCe betwc'-n the s-nr-;Fdirn', secti-,orr i..-ts c:r

and thr, -.-- ý :re develorned l.ess In soct ion of t'.!o ~cr
rit nanicle forn!ation nnd -on~c1.e conirletiori periodl.D~c
were less for Prre~cninr,, at )a-nicle fornation r'eriod V'/I.0 or
,)anic).e completion -1eriod (15/1X) vend a little more for re-
din?, a.t vi~ iein 'eriod C~/X.Deseases i,;cro in Tow:
abore two flor irreadiing~ at rfrr~nicl! cvrowth neriod. Daesenscs er
r~rolbln1)1i'rdeveloped a' litltlle more f or z--rc-d inp, during 7i,
rinening r~eriod due to ws.,hing ofrneciicir'e b',r bad ,,rcthicr.

*Pnnicle branch hl-~stl s I o asl deve lor~ed t hroug0"h 1- Ing~
durinc: rsniclc forme-tion reriod. because mnedicine low-.ered cncii-
dial dcnsitv of "Unst bacilli anmd reduced Infection of young-
pqnicle. Also '%-he F~nresding durinT, ranicl~e completion nerl~oc1
was useful In nreventing; Infections. In 1-95?, the mastU Infec-
tiov~s ocriod of ranicle branch blast ..,as considered to be the
end of Septlember as mentioned nreviouslv. In. this exreri~ient,
It was difficult to determine Infectious reriod because the
medicinal spreading wras not conducted durit-. this roriod.

(3) Investigations by Spreading Blast-Siding S

Table 2? shows experimental rpsults from snread inrr
30 onni blast siding 5 In 1940. Accordinr to table 28, derreio~-
me~nt of licht desease in tranicle býrnnch blast was'a little more
in section of one s-orcadinx. There vras almost no difference in
develop-,int of. desease between the ~spreadinst section of both
ranicl~e formation neriod (1/IX) and starch ripenintr period
(21/IX) and no 5rreadin7 section. Panicle' dcsease rate In tw.-o
snreadin7 section Inclliding rantalp formfltion rprind *--!nsi~
tlv lower. In mnediumu ad seriousý de 7-ascs, panicle doe.ralse

* rate #wan sli-htly lower in one soreading section but no d~iffer-
ence exis~ted between thi snreadiro, ne6riods.



•.•.,:•rl n• of S•)T-eadilnF I.• - I.'

(.vern ve of 4. sections)

)2) 3)" 3 i 1 U

13)7
1. .)... 3.

16) Sc *;f ]( 7S) 10. .(•. n1. ) 2.7(57) 2.60(9" S.8C82)

10) (>-g , ( S) , 1, 1,.C(, ,..) P..• ' 2- .1 8(56) 2.2(53) ý,. I Is)

I ~. .'.2L;

11 4, -Iit, :;•; q' S). •,,i 10.40MIs) M 6( 11) 2.7(57) 2-0(5,*) 4. 90$1

22 S)..... - ... . 2:H 3.z,• 7. 7,1";1 ) 1.4(78) 1.!)(M•) i. -2('(;Y

2)' 1~ 0.S~3p . 7(4) 1 (7) 257,

14) ,..-1 il'i'(ýf S)" - 1;4.1.,i*t 6. G:''i 1.(3.8(2 .....7

15) , (1 .0* 1:P.,i S)• ". 7 6.(13 .(6) 1.(6'1 (5

16) 2.7 • : (86) 5.9(.56) 0.7(9) _0.4(91) 1.8(72)

, , 4.9(75) 5.9(.5) 1.3(79) 1.8(62) 3.1(69)

18) W;..I .(, ,,,' - h( A:,•s W ' t 1,. . ,7. 76•) 7•. ý0 1. oCI 1.(68) 3.o(j)os.)

19 ,. L;g LI F., (; 9S) 21,..] 4.9(7! '.(5) 0.3(95) O.8(2) &1.(87)

20)N it j19. 9( 1:- 1(-) C% 3(-) 4.7(-) 9. 9(-)

t(0. 01) Sa 91.647 4.;3t 3 2*3*- 4, 44

• (o. 05•) Sd •.21. 3.52 L41 - 3.49

2) Y ;,ý 4 ;,~ 0pm ý, eO~.t 5 ..... t .. :,_U M

2. i:noedeseaSe rcite of r e k blost
, 'nicle brncnh tl--st

Si':1nlcle vi~s rte in rodirm •
. ')unl~l,. desense rate Ir• serlouý, ý!eqease
7.Dv-rce of ranole branoh demna.se



L -r

I sIhal e rdo pnl , fr-i.1 1 3 , oesra

Star-rs .half. pertiA 01' a S),c~ fon -renat1d za )Ioen9. Lartte hal a peiod of pancl t otto(l S)iospeai

42 irtharpanil oraticin eriod (Bila 3), Laltter half4
perilod -(Bla. 3) , tw..o sp~readiw-s.

1-36Same as.-abore (mercury),-sptr-e a-, above (mercury), tw-o
r Dsreae~ngs

1l~Same at &ove (3ti S), same a~s above (1rercuryj, --o
sp:reodin'rs

* 15. Same 'as ;:bove (m'ercurv) ,same ss above (731i- S), tGwo0
streAdbiirs

14. Latter half-of Danicle' formnation Der1i-d (B1a-S), mnilk, r lre
- period (BlaL S.), two sr-readin-Rs

- 1. Sme~s boe (mercury), samn as above (mercl-rv), vtco
Ss-preiadinzrs

19. SaeaJ.ve(l ) same -as above (-~ercurv) two sre,. '
19. Same as above (mercury), sames as above (3,,a C). two

'- -si,read ings
* . 20. Standard, -no spreading

* 21.- Remark 1) Sareading daeFrthafo ailef _mto
- period 1/xlatter half of r-anicle formnation

R-/IX, milk ripe oeriod 21/IX, st-rch ripe -oeriod
2R9/IX.

~~2) 30 -anm blast sidinR S anid itrercury wP.as the act--al
-fumiron concentration. (two fumiron tatblets ,er
-15 liters of ;..,ater)

3)Parenthesis indieates prevention rate

NI -While panicle desease rate for each period was not much d4i,"er-
ent In serioirs and medium desease, the desease rate for starc.1-

-ripe period was high in lig~ht desease. These are considered to
be due to the infections after stprch rice Deriod. Also, a fey,.
deseases in two spreading sections including Danicle formsatic~-±

..period were due to the reduction of Infectious so.urce3. In ,two
-spreadings-of blast siding S or this and mercury, ranicl~e bran'ch
blast was specially few in milk r!De period. This indicates a
large effect of blast siding S spreading during milkc _rIpe
Deriod.

Considering the ex-perimental results for three years,
p anicrle branch blast was ch'eckied by the spreadin7, during starch
ripe period i 'n 1958 (table 25), and the desease i-as speciallv
reduced by spreading during panicle growth period in adlitioni
to young panicle formation period in 1959 (table 24). In i1VO.
the results are almost similar to orevious year (table 2ýý).
The reason for the decrease of, deseases by medicinal srxdi
before raniole 8;rowth noeriod 'ýs thst the spreading In this
period reduces density of infectious source and decrease infc:-c-

* -tions after. panicle jýrowth. The reason for the decrease of
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desease by medicinal spreading after panicle rrow•th neriod
is that it mainly prevents the infections. From these results,
we can say that nanicle branch blast is infected gradually
over long period of time from Panicle formation to starch ripe
period. The lost infectious period was strongly affected by
weather and different froa year to year.

3. Summary

Inoculation period of panicle blast branch is differ-
ent depending on the parts of initial infection and infectious-,
r•criod, but was about 7.5-11 days. Medicinel snreadinTs during
each neriod from ranicle formation to beginning of yellow ripe
period were effective in some cases and indfi'ective in othe7;
cases. Considerations of conditions during medicinal soreading..
and incubation period indicate that Danicle branch blast is
infected over the long period of time from panicle formation
to starch ripe period.

Infections of spikelet and panicle branch by inoculation
are clearlv shown by experimental observations of chapter -II
and even clearer in chapter VI. O'fcourse, the most infectious-.
oeriod differs considerab"'.y from year to year due to variable
yearly environment, but it is clear that panicle branch blast
is easily occurred by infection during later period.

VI Infection at Leter Period and Damage

Although infections of nanicle branch blast are known
to occur over the long period of time, damages due to infections
at later period are not clear. Thus, we have attempted to
verify these from outdoor experiment.

1. Experimental Method

Aichiasahi (:ieak resistance) and Tosan no, 38 (
strong resistance) were. stualed outdoor in a not (inner square
50 x 50 cm, depth 30 om and concrete bottom) about 5 cm of
gravel is nacked at the bottom of Vot, and about 18 cm of field
soil is placed on top of it. As fertilizers, 40 g of ammonia
sulfate, 60 g of ohosphate lime and 16 g of notassium sulfate
are ziven. Planted on Nav 7. and transplanted on June 22.
9 stocks UP -ieces per one stock) were planted in a Dot.Additional 5 g of ammonium sulfate were given on July- 20 and

August 21. Three inoculation periods of panicle completion
period, milk ripe period and starch rine Deriod (for Tosan
no. 39, yellow rice period was added) were established and
two pots cf each kind are used for one period. Three stocks
Der pot, total 4 stocks were used without inoculation.
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wle::ban'wlhu Inclain a overed nihnlehl~ a meiatel aIyterwards
w1Sthout niu- noculation of oee ih oyty~n

b,-*a~ nd-solated from adhesion, of' conidiu.Iouaino
~~ ~(P-2 stra~in) was, condveted by spray method and pa'nicles

h ey reettwo das'. Each plants are marked byr the dates so
th4 t -tiioculation- dates can be t'raced. N-umber of-infections was I

e~aine 13da~vs af ter Inoculation, and degree of' nanic'e bran-
ch d~aease was examined 3 weeks after inoculation and: October
24aý25. Examination of deseas'e was conducted by the method of
cobapter II.

Experiment of later period infection was conducted with
.-P'anicles having same date of forming node at the neck of

* .* - Danicle. Thus.- the size of nanicle was made even. In experiment
of-- Athasshi., node at the neck of -Danicle w~i formed at-9-10th

* .of8etember- and. in Tosan no. 3-, It was formed on 56th of
-September. Desease of Danicle branch-whose node at the neck was
not invad'ed was examined on: 3 weeks*Pfter Inoculation. The'

* banicles are cut at the end of-October and dried by wind f or
*about a ¶nonth. Pqiniele weight, number ratio and weight of

*1,000 groains unpolished rice were measured.

These exDeriments are conducted at Agricultural Techno-
logy Research Institute (Nishikehara Kitaku Tokyo) in 1956
and-the weath~er of that Year is ,shown in.Figure 6~.__

2$

IX. 0/1

flit;j

re-mirics ~ ~ 4i inclton yho

Fig &-hwn dal vrg ioprt ,dil rcptto

AM oftyhon nc cat ino culation drn tyho o

course of the outdoor experimecnt in 1956.
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2. Experimental Results

a. Infection at Lateýr Period and Development of.-
Desease

Distribution of oanicles during inoculation by'
number of days after node at the neck of oanicle is formed is,,.,
shown in table 29.

Table 29

Distribution of Panicles during Inoculation by Number
of Days after Node at the Neck of Panicle is formed

613 AL B X C B:A• Zr.M C K

(-) -3 () (4:) M } -) -C')

0 37 36

1 22 40 7 ...- : "
2 26 37 22

3 14 9 31

4 8 38
5 13 ,10

6 4 2.1 ,
7- 2 32 7

8 232

9 37 10

10 9 ] 4

11 8 40

12 13 19
13 1 12

14 6

16 21

17 14
18 22

19 32

20 1,

22 13
23 6
24 1 I
3+ .159 147 150 1!8 175 102

Pi. al. C KI•SI 1

rm~. ~l±18D~~I



1. Yumýer of days after node nt the neck of r-,nicle is formed
2. Alohiasahi, A sl•tion, " section, C section
3. Tosan no. 3ý. A section, B section, C section
4. Remark 1) A snction of Aichiasphi was inoculated at li/IX,

B section 1i/I;( nnd C section 78/IX
2) A section of To.an no. 33 w,.s inoculated at 6/IX,

B section 11/IX and C section 13/IX.

According to table 29, Aichiasahi w;as examined from 3 days before
to 24 days after node at the neck of panicle was formed.
Panicles used durirg panicle completion period are from 3 days
before to 7 days after node at the neck of ranicle was formed
when considered by classification of inoculations and most of
them are the panicles from immediately after to 3 days after the
node'formation. In inoculation during milk ripe reriod, the
paniales are S-13 days after the node formation and most of them
are .-9 days after neck formation. In inoculation duling starch
ripe neriod, the panicles are 13-24 dalrs efter the node at the

neck of ranicles was formed, and most of them P.re 16-20 days.
Similarly in Tosan no. 39, panicles for-comoletion period are
from immediately after to two days after rode at the neck of
panicle was formed, 2-6 days after node formation for milk
ripe period and 10-13 'days after node formation for starch
fitie period.. Although the above examinations are lacking
during yellow ripe period, most of them are estimated to be
25-29 days after node at the neck of ranicle was formed since
. anicle growth period was Sept. 3 and inoculation was conducted
on Oct. 4.. The period when more than half had formed node at
the neck of panicle's corresponds to 3-4 days after the growth
period.

Table 30 shows number of infections on each parts of
nanicle on 13th day after inoculation.

According to table 30, many deseases were developed in
spikelet and partic'ularly severe for inoculation at later period.
Tosan no. 38 had 9 spots of deseases Der oanicle for inocula-
tion at starch ripe -period. Deseases on node of nanicle branch
or rachis were very few com ored with spikelet. Ho.:.ever, the
number of infetlons increases for inoculation at latter
period similar to the case of spikelet.
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Inoauiation at Li.er ?eriod tnd infections

2))
1z L,, .... .9), oL-A7-'

9.11 159 1.i 0.U3 2.0 0.1 0.2 0.1 0.32

S,). 1, 147 0.I OZ 3.0 0..1 0.4 0.1 0.3,1

9.28 150 IS- - 1.1 - 0.44

', il .. ,,( 1.18 0 0 0 0 0 0 0

9. 1 158 (.I 0J.02 0.8 0.03 0.03 - 0.09

9.11 175 b.:3 0.01 1.6 0.02 0.1 - 0. A1

13) L W38- 9.IS 102 0.2 0.1 S.5 0.2 0.7 0.03 0.15

10, 4 113 -- -... 0.10

' t !fR 173 0 0 0 0 0 0 0

1. Kinds
2. Inoculatior. date
3. Number bf panicles
L. Number of infections per ranicle
5. Palea and lemma
/. Glume
7. Inner and outer lemma
'. Node of panicle branch
9. Node of rachis
10. Devoluted panicle branch
1i. Node at the neck of panicle
12. Aichiasahi (panicle corinvition period

(milk ripe period)
(starch ripe period
(no inoculation

13. Tosan no. 38 (panicle completion period
(milk ri-e pericd)
(starch ripe period)
(yellow ripe teriod)
ao inoculation
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Table 31

Inoculation a; Latter period and Develormenr of Desease

1) f42 3 ) ik 4tC3 UJ[(M I I 7)10 24

( 9.11 IS. 7 19. : 37.8 :1.1 4.1..7 o*8. ,Q• ,,, .19.5) C(.5 I UU) :.32. 10 (65. 0) COW)
I . S28.5 G W. 7 .15.3 : .0 3 ý 1. 8 7 0. 8

.. ) (.L4,1JM) (63.1) (36.9) (100) (50.8) (4V. 2) (100)
9. 2 9.2) 1.6 30.0 o 1.6 W1.6 ",10.0 91.6S(,Wl';A) (67;2) (32. 8) (100) (67.2) (32.8) (i00)

tifýl. 0 0 0 0 0 0

9. 6 6.9 9.1 16.0 22.8 21.) 4.t."7y, Jpj) C13. 1) (5,. 9) 10(o) .) C19.0 (100)
9.1! 13.5 10.7 .2 26.2 39.3 65.5

(;•i.iIJ1) (55. 8) (-.;1. 2) ,'10o) (.00. 0) (6o. 0) (100)
Iz w 8 " ., 9.18 37.0 11.1 18.1 47.8 35.7 83.5

(iV•M4MJ;) (76. 9) (23. 1) 1100) (57. 2) (012.8) (100)

'0. 4 72.0 6. 5 78.5 72. 5 6.5 78.5
(ý,4,•J) (O1.7) CS. 3) (1O0) (91.7) C 8.3) (100)

00 0 0 00

1. Kinds 6. Total
2. Inoculation date 7. October 24
3. 3 weeks after inoculation S. Punicle branch blast
4. Panicle'branch.blest 9. N'eck blast
5. Neck blast 10. Total
11. Aichiasahl (Panicle completion period)

(milk ripe period)
(starch ripe period)
no inoculation

12. Tosan no. 38 (panicle completion nerl-a
(milk ripe period)
(starch rine period)
(yellow rime Derlcd)
no inocult.lon

l-. Remark 1) Degree of panlile branch desasa ) ira•: :ouared.
Parenthesis Indic•.-es index

Infection of n-de at the neck of oaricle ha ,r -- to Increase
for Inoculation at later period bn were vsry fe• ir Tosan Io.
31 for inoculation at vellow r-1e nerioW1. Ioni s cmns

"-n,._ber of infections are missing In some of 3c-cllsahi for
inoculation at starch rive period anA In sore otz no. 38
for Inoculation at yellow ripe period. "-hese exra.-nations were



C:,-Celi.ed bo-au-e of" -Al- 7 of .d C ' :
Iesen're. Accordinc to observ~atonsa, Intf2c I%;In!- of 'sni'rejet
£Pnd -aniclv brpnch vnre C aei~c1:l'~in both sections.

.ý.Om these exnerim~ental results, t, Is cleor :.hat nanicle
Zranch is easily infected at p~e eriod afzer heading.
Desease was not observed in s$.andard :;ithout, inoculation.

Table 31L sho!-:-s the dearee, oil nanicle branch desease.
According to the table, the degree of nic bran~ch desease
in Ai1chiasah'. on 3 tieel-s after inoculation was 13.? % fo)r pan-
icle completion neriod, 2~$%for milk ripe neriod and 61.6 %
for starch rine pericd. The deseases Increase sig~nificantlyv for
later reriod inoculation after heading. 'Tosan no. 33 had an
entirely similar tendency In the development of deseases.
They reached 72 %~ for Inoculation at -yellovy rine ncriod. M~any
deseases were develo-oed on October 24 risxht before har'vest.

Neck blast Is sli,-htlv fewer than ranicle branch blast
or about the same (end of October). On three weeks after inocu-
lation, the deseases tend to develop more for inoculation at
later reriod but less at the end of October right before har-
vest in both kinds. This reversal In the tendency of d~esease
development Is an interestinS fact compared wihthe tendency
of nanicle branch blast. The effects on the death of ranicles
are different dependi.ng on the infected parts and periods.

From the oroportlon of panicle branch blast among total
-panicle blasts, the following can be said. 1) Panicle branch
blast was about half of total nanicle blasts when i-roculateci
sooýn after heading. However, nanicle branch blast was high in
inoculation afLter starch rine Derirnd and 6? in Aichiasahi.
for inoculation on September 21. Thereas it was 92 ;ý in Tosan
no. 3q for Inoculation on. October ký. 2) The rronort-ion of
ranicle branch blast and .necR bastwa diffferent de-Pendirg on
the neriod of examination even ifL- they wecre inoculated at the
same period. The ratio o-f neck blast bec~omt-s hiih with increase
in elapsed days after irmci.,Iatslcrn. Conversel-, -the rattio of
panicle branch blast bý2conzce3 later. The r~easons are the following.
i,,eck blast does not cause the death of paricles In short 15eriod
of days after Infection and the exnoanded lesion results In a
white oanicle. Theý nanicle branch b~ast irvý_des the node at the
neck of pa~licle due to death of panticle and. is coun'ted as neck
blast' at t'he'end of October.

Variation of 'nanicle brarch blast inoculated at d.Lfferent
reriod after heading Is showrr In fl"gu-re 7
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Fig. 7.-Variation of pnnicl 1)ranch blast inoculate'd at differCllt

pcriod after h.cading. Upper, variety Aichiasahi; Lover,
variety Tosan .S.

1. Panicle branch blast (%)

2. Aichiasahi
3. Tosan no. 38
4. Days

Aichiasahi in Fig. 7 shows that panicles have most Ieseases
during heading and become more and more resistant as tZhe days
elapse after heading. Conversely, the panicles inoculated, .t
milk ripe period and starch ripe period had more deseases with
elapsed days after heading. Tosan no, 38 had similar tendency

S as above.

Weather during the experiments ýsee fl-. 6) wa s l ow
temnerature of average 25°C at, the end of an warm...m

rerature with clear skly at Vie beginni"ng of Sente-.ber. Acocordingto weather bureau. autumn weather visited earlier in Scoiember.
Thare wss Dlenty rain" after the middle of Se)tember and typhoon

on September 10 ard, 26.

As can be seen fIrom this weather, Inoculhticns on Sent.
10 and Sept. 2a corresnond to the day right aft:e7r,hoon.
Therefore, one of the reasons for developuent of ---I--: deseasf-s
In old imnicles In. this exzerimenrt -r:as zhat- the 11t:ec'Aon - as
,roo'oted by wounds from tyvrhorIn cd the desea.-7 hns s-co:hn S
•ro~re~d b- a lcne rain In seccnd half cf - - .ZseaseC
in tanicte ccuplet!on zerlcd were anV In zVc... zes '7:ea
in ilUK ripe and st-a-ch rrte iericd, 'the desc-s - -ere -- nv t-



.-o ei:hat old rnnilees. Thl!. se•zs to confi"" the ral.tion
-%cen 1eSe'-;e E'd i*:ourd f-ron wn-i1 as describd in chanter IV.

rroein thiz ext.%erirent, Infection nnd c~th ot. r-nicle branch
occtir about 20 days after the headirz, of node )t the neck of
panicle in Aichiasahi (23-24 da'rs after ro'ucle completion
*eriod). and about 30 davs after the hendi In Tosan no. 3q
(33-34a davs after panicle Toopltion period).

b. Infection at Later Period and D:r.a'ae of Grain

Table 32 shows the relat'ion bet.ee, inoculation
ceriod. and weight of rice ear, spikelet, and ;veight of 1000
grains of unpolished rice.

Table 32

Inoculation at Later Period and Grains

0 - 0 2.0 7.6 21.4.4
8) " • • j " 9.11 1O. 1 1.6 22.2 20.64

( •L •3 .tA 9. IS :1. 6 1. 26.2 20.24

91 1.6 •A 0.28 t;. 2 1.6 1s.9 20.15

R , C 1.9 :.8 20.24

S3S,. 1.6 1(;.3 20.03

~L . i 9. 11 1i. 3 1.8 19.53
• ; . J 9. i, .11)9. 1 .8 14.6 19, 07

10 Z tx lk 9J1 9 10~t "'3; t... -"3 1 ;:O ,0 'QP 1 Z- t--

1. Kinds
2. Inoculation Deriod

I. inocuilation date
o. De'ree Lf canilie branch desease

5. Xeiht of rone ear of rice
¼. •nik&elet ratio
7- Aeigh.t of 1,000 ;;nains of ,=ols".- e .- e
K. -Ichlasahl lo incculatlon

u'!i rne rerl-,d
Starch rine eri.od



10 1,0oan no. 3q no I'nocusftion
S•anlcle co nleu-on nerlod

starch rine veriod10. Remark 1) Ear. of AIchiasahi *;,hose node rt. the neck of

"Danicle was formed on 9-10th of September were
examined and those of Tosan no. 38 whose node
at the neck -f Danicle was formed on 5-6th of
September were examined.

According to table 32, the desease In both 'rInds wras the least
when the panicles.were inoculated at Danicle comoletion period,
medium at milk riDe reriod and the most at starch rioe period.
No desease was observed in rice plant without inoculation. In
Alchiasahi, 1) Weight of ear was 2.0 g without inoculation
whereas it was 1.6 g in inoculated sections. In snite of a
considerable number of deseases during starch ripe period, it
was not light. 2) Soikelet ratio was 7.6 /" In no inoculation
section, 22.2 % in nanicle comolet.iin neriod and 26.2 % in milk
ripe period and increases in proportion to develooment of desease.
In starch rine neriod, it was 10.9 % and did not increase in
proportion to desease. 3) Weight of 1,000 wrains of unpolished
rice was 21.44 g in no inoculation section, 20.60L g in ear
completion period, 20.24 gin milk ripe nerioC. and 20,15 g
in starch ripe neriod. It was slightly lighter for inoculation.
at later period.' Thus,, the more the deseases are, the lighter
it is. Tosan no.3 3.had. about the same tendency as above.

*These results Indicate that the blast bacilli invade
in about 3 weeks after heading in Aichiasahi (weakly resistant)
and about two weeks after heading in Tosan no, 31 (strong resis-
tant). and cause the death of panicle branch. As a result, the
qrality is lowered. In the ca" of infection st later -oeriod,
the v-eight of'ear and spikelet ratio do rot become worse in
DroDortion to the degree of a-:.sease. This is nrobably due to a
certain degree of grain formation prior to infection. The reason
for decrease in weight of 1000 grains of unpolished rice by the
later period inoculation is that they are invaded after the
grains are formed ro a certain degree and these zrains are
counted as unpolished rice.

VII Discussion

1. Develonment of Desease

The Darts of Initial infections in .a'ic3e branch
blast are mainly spikelet, node of rachis and node of panicle
branch. Sometimes, the infectlons can be se-n in devoluted -arts
of each organ or the space between the nodes. The lesions extend



P......vor n, the lheeio 1r ne at
n-tvck Of -AnnIcle IC the lný or 6:r~.' n.'!; %-ere invaded due
to *death of earO, the nnloe le ch !oca- o- upoer part of
node dies and the deAd rart of ear c: d rtdiv. The spikelet
0i onntcle brgnch ceae to ripen snd *roJuee Inc.onolete rice.
Zxnson of lesion in voun ear is ver .... the deseas
derolooed in young ear causes dnmn-es over th,- ..:.de nrea.
"The damaxes are la1rer if the nazs of Ir,!ti:l Infections are
lower oarts of ear. Deseases of solkelet nre easlyv developed
and the number ol' deseases is also lsr-,e. Thun. the dnamge due
to spikelet infection occuties more than half or most of total
damage in panicle branch blast. "The death of ear." due to
spikelet desease dces not affect the entire rri-arv oanicle
branch. However, the desease of soikelet located near the node
at the neck of panicle causes neck blast. 6imilariy the desease
of soikelet located near the node of rachis causes the rachis
'last and inflict a large damage.

The machanism of desease develoynrent in ranicle branch
blast was investigated by Sawada (1927), Xitsui (.93•), Ito
et al (1937), Kono(1954) and Kono and Suzoki (1940) and node
of rachis or node of raniole branch was considered to be the
parts of initial infectioh..

Sawada (1927) has observed many infections on junction
part. The reason is that existence of white hair makes dew
drops adhere on junction part of ear. This also makes P.4herence
of blast bacilli co-aidium and invasion of bacilli easy, thus
creating the favorable environment for exoansion of lesion.Ie have also observed the infection of node of rachis and node
of ranicle branch. In this ,art, the desease tends to advance
raridlv in the direction of the node. This is in aTreement with
the view *oint of Sawada. Yoshil (1936) has investitgated the
method of blast bacilli invasion and reoorted that enidermis
or leaves near the Junction point in node of )oanicles are
most easily invaded in agreement .. ith the view nolnt of Sawada.
Ito et al (1937) observed the invasion of blast bacilli on
junction part of panicle and reported that the bacilli invasion
takes place on inside of junction part. RecentIv, KXono and
uzuki (1963) cut the ear before heading and inoculated.

As a result, they observed bocilli invasion .n many parts of
ear. The narts of initially -developed natural desease (25-30
days after heading ) were mostly node of rachis and node of
ranicle branch in addition to leaves. The deseases on the
soace between the nodes were few.

We have similarlv observed im-portant role of node of
rachis or node of panicle branch as a rart of initial infection.
However, above reports differ from our view"-3oln'%t in that the
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dOe0elotent Of rant.ole tansch blut risdat IS %~2c 1 If:
Are not mentioned In ther renor-. A1thou-h bz.i (1-92q
already reported that snikelet Itself In ea1!W In--aced, no
-e@ntion has 1e'n mnde on the f-ct that "death or car" fr-o•
sni•kelet blast causez the c.nicle bnranch tlnst.

"2. Infection of Snlkelet

When blast bacilli Invade a vounr spikelet, the
parts on lemma ore eosilv penetrated and bacilli Invade through
membraue of external enidermis.

Suzuki (1934) studied nenetration method of bacilli
in snikelet end reported that conidium drops into glume In
bloom or bacilli reach the s~,ikelet through anther and probably
invade glume or rice grain. Since the tissues in internal
enidermis ofglume are soft, penetration seems to be easy.
Also, bacilli of wheat mould are said to invide through internal
epidermis (Pugh et al 1933) or anther (Goto et 3l 1953, Nishimon
1958). Therefore, this nossibility exists in blast bacilli
and Suzuki's theory is interesting from thd standpoint of
infection mechanism. However, the conidial dispersion is few
in day time (Kiuribavashi et al 1952) and the ooenr.nr of glume
in spikelet is done in short time during the day (bTagai 1949).
We have also observed that spikelets are easily infected during
the ripening period. Thus, the mechanism of snikelet blast
infection can be explained by Suzuki's theory in many cases.

When blast bacilli invade leaves of rice olant and node
at the neck of panicle, they nenetrate through eridermis
(Matsuura 192%, Suzukata et al 1931, Yoshii 1933 and 1934,
Kamura 1940). 6ince Plume is considered to be similar organ as
leaves (Breda De Haan 1911), it is quite reasonable that the
penetration of bacilli in glume is through eoidermis. However,
xlume lacks special cellular tisques that silicify difficultly
unlike leaves and has a soft internal enidermis. Thus, penetra-
tion and activitv of bacilli after nenetration including anpe-
arance of symptoms are somewhat different fro-,' the case of
leaves.

When unripened soikelets are inoculated, -he desease is
rapidly developed and the s'•ntoms start to aprear in 72 hours
after inoculation. Lesions on Rlume turn to -revish w7hite color
around the 'nenetrated rarts and expands. The dead )arts are not
clear in many cases but different from typical lesion on leaves.
This arevish white lesion sometimes resembles the white lesion
on leaves. in sDikelet blast, a small lron 1esion similar to
brown type in leaf blast apnears in addition to -reylsh white
lesion.
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va dv'-c ed s~-- vifsd, - c c- a o,1 Ir -ac ~r' ad.ncre--sed on enld,.etnl :.r. -- nicle.

ordend leaves, 'tut rv, hvve;r -c-- olhzearv7-d er-13.1al for'ation
on tlc:rues of -1u-ne in our ,%reri-cr~t. IS&3 ie~slly ctevc-
loped In younfg sni%-Ict Psd cc3.io r~atio ne(%s to be
ranid ,;te to the fvLzt advarac-:nent of. Cdeasiý. '.his con idium is
considered to fcrmu a ýsourcc of ý-econdarv infection in neck and
-nanicle branch blast_- at later neriod..

Tip of 1emmr.a i.n snikel et is e~asi1. invndc-d and the reasbn
for this is as follo-w.s. 1) Len'ma 'has wider surface area t~han
r~alea Fr~d shoulder rart is saddle s&iaue with -many hair.
Therefore, the bricilli have a better oniortunitly to adhere
near the tin of lemm~a. 2) ConsiderinRj the r'tructure of glume,
moisture holes and stomata are no~ce at the tin than-other parts.'
The discharged liquid from moisture holes r~roriote the for-mation.
of dew drors and cwermination and vrovwth of' baciLli. 3) There
Care nav hairs at the tin. and the largeo hairs se-~m to be. easily
damnaged bv the friction of snikelet. Theref'ore, the infcction
due to wzound increases. 4) Internal eriderinis o~r soft tissues
are more at the tip -than other rarts. Al.thoufph there may be no
direct relationship betwvreen the d~evelonment of soft tissues and
difficulty of bacilli penetration, these msarts nrovide a fa~vor-
able environment for activity and spread of bacilli. 5) Mvany
stomata at the tip mean the presenn~e of bioloý-1cally active
-tissues. Also, at the tip of snikelet, the contact- of palea
and lemma is not close and internal ep~idermis can be direct~v
contacted to outside. Thus, the blast bacilli can easily invade
through the tip.

In short, the tip provides a favorable conditions for
penetration and srread of blast bacilli and -oromotes the Infec-
tion and development of desease.

3. Wound and Panicle Branch Blast

The ear receives severe wvounds from tr,,t.ment- of.,
artificial wind, and the deseases of Panicle- branch blast
Increase. The degree in development of 'descase is closely
related to the number of wounds and severe iucunds cause more
deseases. Suzukata et al (1931) and Sakanoto (1940) also
reported that wounds make Infection of leaf blast, easier.
Shim~ada (1937) reported that othler rartOs of rice plant in
additlion to wounded r~arts.are susceptible to desease t-n leaf
blant. Ear treated b~- artif icial wii-nd may havii Ch-e ef fect's
renorted by Shlnada, but this relationshin, ---as not fýound.

It wa fre uenty reote -hat n.anicle blast increases after
tvohoon (Yoshida 1943, Chda et a! !954, 'zihara et al. 1955).



Our experimental results seem to nurove these observatlons.

4. Period of Infection

The incubation period was somewhat lonrer in young
materials and shorter in old materials. The development of dese-
ase was rapid in young spikelet, and svmotom of desease appears
in 3.5-4 days after inoculation. The Incubation n wiorL was more
or less different depending on the parts of pctnicle. The short
incubation beriod in spilelet is due to nreseice of many soft
tissues and raoid spread of bacilli. On the contrary, the long
incubation period in node at the neck of nanicle or node of
rachis is due-to twresence of thick membrane tissues, and slow
pread of bacilli. Thus, it is difficult to observe svmptom of
desease at initial veriod in this case.

From investigation of natural infectious period at farm,
we have observed that infection of nanicle branch blast occurs
not only at early neriod but also later oeriod including starch
ripe period.

5. Ihfections at Later Period and Damc.ie

Infectious period of nanicle branch blast was consi-
dered to be about the seme period as neck blast Judving from
the effective period of medicinal prevention (Nakagawa et al
1954 and 1955, Yasu et al 1957, Mori et al 195., Yamanaka et al
1958, Motohashi et al 1959, Kogawa et al 1960, Yamauchi et al
1960). In the farm where neck blasts are high, the infections
of oanicle branch blast and neck blast are numerous ri~zht after
heading and the damage of ear increases due to expansion of
lesion. Thus, the damage due to infection at later period was
hidden and seemed to escape observation. Also the mild panicle

branch blast was not included in the standard of desease e:.ami-
nation (Prevention of plant enidemics section,- Agricultural

improvement Bureau, Agriculture Pnd Forestry Derartment, 1956)
and the milk panicle branch blast at later zeriod was probably
not recorded.

Agihara et al (1 9 5 1) observed newly develoned nanicle
branch blast in relatively later -eriod of panicl growth.

Uzi et al investigated';the natural desease of ":orln no. A and
Asahi no. 2 and indicated the following. The 'roncrtion of
desease bv periods had the same tendency in both -Inds, and the
desease was rarel develo,*ed in two ueeks after heading. Then,
the deseases increase gradually and zresch alc-4z 50 ýý In on-
month. The rest was the newly devlo-ed eese-,se after tythoon
of Sept. 30 and Cctobcr 4. 1) In NorIn no. 6, the new>' develced
deseases are man, in 1-2 davs after :nhoon. Cihs sv=cm of
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z-r-seatse se-,m to have- s;dden1.v apearad diue to affect of
hvoon. 2Z) In 4%nnhi no. 2, -f- zhe sw:; develon'ed leseases are

in In few davs r. tcr aoor, nd th e inpec-ions sae-I to be
7-romoted by tv,,ho7.n but, So-07e ft e.:i~st16 -i this, i.ýf'ect.

1he inclilrtion neriocl of lbl_7cl-t descane Is different
deoerdir7 on the erviron-ent (s:ieit C-.1 19130", 1rura has
developed, the rnrozrcss o' descaso-ý ca-n be temnrorilv ceased.
T'hus, the r-anicle branch blast developoed ,It later rperiod. can
not be said ,-ith certaintv t~o excluide the infections at early

e r Iod - Ex.7ression oi* some doubts on the irfzeczions .,at' later,
neriod* by AgIPihara aas nrobablv due to the a~bove, consideration.

IehoVe already renorted sunmary of J, fection on node
at the neck of nanicle and. occurrarcp. ofwit ear at later
period (1 958). 'ecre, we renort "1at nanil(ýe branchn was easily
Infected at later period (chapt~er VI) , the inci~iat- onn -eriod
(chapter V) was shoýrter In old nanicle than in young panicle
and wind causes dam~age in spilŽeletl and panicle branch, thus
rromoting the development of n'aricle blast (chanter IV)*
From these view roints, the development of deseases at later
noeriod in the exoeriments of k~ihara et a! (195C) seems to be
Oue to infections -Prior anid after the t~yD'&T_-o-n.

The degree of panicle branch desease due to infections
at later period. was high and the quality of the -,roduct was
lowered. This aigrees with the observations on damn~es by neck
blast (Horl et al. 19,58) and nanicle branch blast(Ar~lhara et a).
1958) developed at later period. Thus, panicle branch blast
developed at later reriod, should be closely ;:.atcied.'

VIII. Conclusion

The developmepnt of nanicle branch desease Is not
simple. "Deathes of ear" from infection of sp-i.:elet are -inuer-
oud iind Infections at node of nanicle br~rch or rarely at the
on-ace between the r'odes are observed. Infection n' spikelet
mainly occurs at the 'tin and there Is a reason to believe that
this part, is easlil susce'rtible to desease even st" lnter Deriod.

lsIt is characteristics of nanicle branch blast ",ha^ 'invasion
^f lesion at the node Iroreases the damn~ed area in StODWISe.

The ranicle branch blast can be said -1o be ear blast
ecologieallv but11 is develoned late-- than neck bllast. Th~e reasons
:ýre the followinc. 1) Panicle branch Is locztrd. an unper part
compared uIth neck of e~r and subltected to -oze wounds. 2)
~.:monsz the parts of -nlncle spikelet lives ':i.the last, minute
a~nd can be subject- to blast desease focr 10n7: time.3)poes
cf maanicle branch blast due.to, dearth. of the z ,t.6s he



Infectious veriod end time between infection ond development
of desease. Thus, determination of oreventive -'eriod is no-
slrle and for this reason, research on this sub$ect has. been
carried on until today. Determination of "revertive Deriod of
oanicle branch blast was conducted And there is an examnle of
effective vrevention at later period. Before .iudging the resul-
ts of agricultural medicinal spreading st farm, hojiever, these
facts should be considered tozether with weather conditions.
Then, a more accurate .1udgement can be made on preventive period

derived from the exnerimental results.

IX, ~Summary

This paper renorts the development of nanicle branch
blast by inoculation and observations at farm. Since snikelets
are consfdered. to beirportant as an infected rart of panicle

__branch blast, we have made pathological and anatomical observa-
•ticns-on~the. details of invading blast bacilli in spikelt, and

reportedlon the relationship between sounds and deseases,
incubation period, infectious period and damage due to infection
at later period.

l.Panicle.branch blast is classified into followsing
four cateqories, considsring the mode of pathogenesis by inocu-

lation and characteristics of infected parts. They are spikelet

blast (including glume blast, I type), secondary nanicle branch
,blast (II type), primarv ranicle branch blast (III tvre) and
rachis blast (IV tyvne). Secondary nanicle branch blast is fur-

ther classified into secondary Danicle branch blast started
from soikelet (II-a type) and secondary ranicle branch blast
started from node of ranicle branch (II-b type). These classi-
fications explain sufficiently the status of desease.

2. Lesions expand from the tip of ranicle to lower part,
i,e, to the direction of node at the neck of tanicle. Thus,.
"death of ear" occurs and death on the parts of nanicle increases.
Due to 'teathof ear", snikel~t infection causes oanicle branch
blast in many cases.

3. Panicle branch blast occurs from infection of nodes
of rachis and nsnicle branch in addition to srL':elet infection.
Panicle branch blast can also occur from infection of the space
between the nodes and devoluted Dart of each organ, but the
ratio is very small.

4. The relation between infected parts and degree of

ranicle branch desease shows the following.

infection on node of rschis> infection on node of ranicle
branch> snikelet Infecticn "or cre nfected •t. he _-:aze Is



:~r~ in "CetI~on on naz:Xý- t:'t e neck n' ~-.nilcl or raohis.
.:-.en totol dte of -nclr brsnc bl-,st wsC3'V'~tde~red, the

4-exree of damqc-c i~z In thc: orz'er fi snilnetet infeation.> tIfec-
z~on at nod1e of r~hsin-fction at nn-e of np.,,A-c 1e brar ch .
.Ais is influr.-need b.- nu-r'ber .0 nfctons ir rt-de:tion to ex-

',insion of lesiv'r., -!;us, rh-r -oncle branclh blkn.-t Is consi-
dered, ratho~enesis of srilk&1ýet can not be if'-nored.

5. Sjikýelet deseas-es are more in lemnma theýn palea,
r~articularly near hair.

6. When nathog--enesis of snil~elet blast is a~nalyzed1 the
'tissues of lesion are dead or destroyed, and. the desease of
tissues becomes mild at the bounda7r~r of infected p~art and
healthy Dart. Spread of mycelia is significant. at irter 'nal
epidermis of glume, medium at external epidermis a-nd very slow
.,t lower tiqsue,-.,

7. In spikelet desear~e, conidium is formed on th6
deseased nart of TluTme (includinoý tip.) and inside of glume.
Tihey are scattered on the surface of de-seased rart ,--d concen-
tL"rated on the internal epidermis of ::i;ume.

8. When young soilkelets are inoculatý;d, blast bacilli
invade through eoiderrnis of giume. Invasion of bacilli is
easier at upper half of spilkelet, sineciallv froim the shoulder
of lem~ma to tip, The invasion is difficult nt, hose Dart of
s Pikelet.

9. "'17celia which have ndvanced to glume reach the lower
t-issues In 214 hours after Inoculation and soft tissues and
internal epidermis in 40' hours r.4fter inoculq-tion. In 72 hours
after inoculation, they7 spread in various tissues.

10. Extent of mvcelial spreading in tissues depends on
the Dart of r~lum~e. Thus lemma Is more thean lower part. iMycelial
spread Is active In the !ýoft tissues of ýzlume and small In the
thick membrane tissues.

11. 'iýhen rice plant Is t-reated by 09 -T per second and
12 m Der second artificial w'ind for tw;o q-td half hours o-r% three
hours, snikelets and nanicl.e Iranches are. severelv wounded.
:'ounds of" snikelet a~near as elliptical share lesilon or Irregu-
larly circular lesion. Somet&47es, -%,,e entir,, sr:ik-elet's discolor
to dark. brown. Young s-kUik-lets are more easilr da--=:_ed. Wounds
of uarnicle branch appear along the linles c~f vnscular bundles.
The iwounds are mild In voung tpanicle and seve-re ifl old zanic~le.
w.ounds are also severe In tZreatment of stron-7 -.r'd and m~Id in
treat,7ent; of woea'.K wind.



13. Incutation zericd or. c-ncile h•.blr.nt 'In -lasr

room (260C) is about 7.5-11 ceis -onc: dterh,, >n .c.re or ½ss
Infectious DerVr. or the '.arts of Inl.lil I'ngio,'. Genera!y,
Incubation period is 1on• .or Inctin P-t r-nnicle com:.ietion
ueriod, medium for Infection at -nil% ri'ie p iriod rnd Wh-r; for in-
fectionat starch rixe period..o;hen -f - ,nicle is
compared, the incubation reriod is shoýrt in .,ikelet, v'ediu': in
node of -raniole branch or ne.de of rachis ýnd long in node at
the neck of nanicle.

14. Natural infection of tanicle branch blast occurs
continuously over the long period from heading to starch ripe
period. The most infectious period depends on the vearly envir-
onments but is not unusual that it could occur in starch ripe
period. -

15. Infection of panicle branch by inoculation can easily
occur on I'-20 days (20-24 days from panicle completion period
'in Aichiasahi).efter node at the neck of panicle is formed,
"o:. around 30'dayvs (33-34 days from panic!.e completion period in
Tosan no. 3q), and results in the death of nanicle. When incuba-
tion Deriodsare added, infection occurs in 4 weks oaý 5-4 weeks
after the node at the neck of panicle was formed and results in
the' death of panicle branch.

16. When Aichiasahi and Tosan no. 33 nre inoculsted at
panicle comnletion oeripd, milk rine neriod, starch rine period
and yellofi ripe neriod, the oanicle branch blast was developed
more for inoculation at later period. When the development of
panicle. branch blast is comnared with neck blost, inoculation at
early period nroduces about the same degree in both cases but
-inoculation at later Deriod produces more ranicle branch blast.
The increased number of panicle branch blasts at later period
seems to be due to effects of typhoon.

17. Panicle branch blast was not too high for inoculation
at, panicle completion neriod but the decrease in the weig.rht of
ear and increase in soikelet ratio are observed. Although nanicle
branch desease was high for inoculation at later reriod, the
decrease in weight of ear and increase in snikelet ratio were
not significant. 'However, the weight of 1,000 grains of unpolished
rice tends to be light as the inoculation was conducted at later
period. Thus, it seems reasonable to conclude that damage is
also done by infection at later period.
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